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CYLINDRICAL WHEELS AND FLAT TOPPED 
RAILS FOR RAILWAYS. 


Fool,” said Muse me, into thy heart and write.” 
Philip Sidney. 


The Scrap Heap—that inarticulate witness our blunders, and the 
sepulcher our blasted hopes the best, but most humiliating legacy 
are forced leave our successors—has always, me, been brim-full 


Present practice imposes from two three times the weight rail- 
way wheels that was customary few years ago. This taxes not only 
the permanent way rolling-stock and engine-power the utmost, but 
also the genius, and, may say, the courage the engineer, his 
endeavor secure safety under the most trying conditions. 

Economy train service has become important, that safe 
say there will return lighter loads unless shall thoroughly 
demonstrated that both safety and economy require it. Instead this 
being the result, apprehend that still further increased capacity will 
demanded, until the loads carried will limited our standard 
gauge only the size cars that can pass over the line with sta- 


— 
4 
j 
: 
: 
4 
4 


134 WHITTEMORE RAILWAY WHEELS AND RAILS. 


bility and such high velocity may hereafter demonstrated 
practicable. 

Car wheels and rails the value nearly billion dollars pass into 
the scrap heap every few years this Continent alone. belief 
that they would give much longer service they were designed and 
constructed according established and well known laws mechanics. 
this have been too long the slaves precedent. making this 
broad statement not wish imply that through forty years pro- 
fessional service have been without guilt the matter which this 
paper treats; that the persistence errors confined American 
engineers; for the particular errors which allude probably exist 
higher degree outside our own country. 

true that the tendency heavier loads, and that the scrap 
heap claims wheels and rails which should capable longer service 
—and think there one who will dispute it—then there 
hardly any one problem that deserves the earnest consideration our 
members and this Society more than the question the relation 
wheels and rails each other. The disastrous effects produced the 
monstrous loads per wheel must surely impress with the necessity 
early solution the problem they create. would interesting 
could determine what should the tonnage service rails. 
The report the Committee the relation wheel and rail each 
other* indicates that this approximately 000 000 tons} pound 
per yard tangent rail abraded. the section rail referred 
approximates the one shown the report, this means that the rail 
should worn down about one millimeter. Couard, France, esti- 
mates that one millimeter wear corresponds tons, and 
that rail can made that can worn down ten millimeters. 
Lanino calculates the life service 150000000; and Funk, Ger- 
many, 125 000 000; and the latter also states that good rail may worn 
down over one-half inch. 

Many our rails into the scrap heap with only inch 
abraded. Undoubtedly this partly due poor material many in- 


stances, but the large sense, contend, due faulty design 
rail. 


* Preliminary Report of the Committee on the Proper Relation to each other of the 
Sections of Railway Wheels and Rails. Transactions, Vol. XIX, July, 1888. 


t The ton referred to in this paper is 2 000 pounds. 
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equally interesting and pertinent inquire into the wear 
wheels reduced tonnage basis. the ordinary cast iron car wheel 
have abundance statistical information its mileage but 
have not hand the requisite data permit determine the ton 
service with that approximate degree accuracy desired. engine 
drivers gather something from interesting paper read before the 
Institution Civil Engineers few years ago William Stroudly, the 
London, Brighton and South Coast Railway England—that tires 
locomotive drivers, inches diameter, carrying weight 
tons, wear down inch for each 28000 miles travel. This 
would indicate that the service this inch was tons, for 
wear one millimeter, 18000000 tons. 

Through the kindness our Member, Mr. Barr, Superintendent 
Motive Power the Chicago, Milwaukee and St. Paul Railway Com- 
pany, able present the following table, page 136, showing tire 
wear forty locomotives that had made aggregate over 
miles—equivalent turning one wheel 000000 miles, and carrying 
weight from 14000 16000 pounds from which deduce the re- 
sult that tonnage 41000000 causes wear inch the 
tread the tire. 

Through the courtesy Mr. Rhodes, Superintendent 
Motive Power the Chicago, Burlington and Quincy Railway, give 
tire wear several standard locomotives use his line, which 
there shown great difference service the use tires different 
thickness, and both cases much lower service than shown Mr. 
Barr’s report 

TABLE No. 


| 
Number Total Milesrun Miles run 
Crass OF ENGINE. | Size. | of |Weight on| to y, Wear,| to 4, Wear, 


| Drivers. | Drivers. |3-inch Tire.| 4-inch Tire, 


Switch engine, no truck......... 15 x 22-44 


4 50 150 6 045 3711 
Switch engine, no truck......... 16 x 22-44 + 59 238 4 675 3 387 
Road engine, forward truck...... 16 x 24-53 4 44 367 7 168 4937 
Road engine, forward 24-57 48960 903 7119 


Reduced ton service for }-inch wear tire, the approximate 
average 
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The only explanation can offer for the superior service shown 
the 3-inch tire over that the 4-inch is, that the material the last 
must have been inferior quality. 

will seen this table that the tire the larger diameter gives 
the best service, should expected. 

you are aware, drivers are turned sets suit the greatest 
wear any one wheel its set, rather the spot greatest 
wear the most worn wheel hence this exhibit does not, even approxi- 
mately, indicate the loss metal due abrasion; but give the 
information for what worth. 

Making any reasonable allowance for this loss metal turning, 
let see what the tonnage service steel-tired 33-inch car wheels 
under passenger cars known weight and load, and where the only 
unknown element wear enters modify our conclusions, wit, 
wear brake shoes and again indebted Mr. Barr for this 
information 

Coach No. 235, Chicago, Milwaukee and Paul Railway, 
500 pounds; passenger load, 500 pounds; total, 000 pounds; load 
per 33-inch wheel, 5500 pounds—ran 95110 miles, and suffered 
average loss one inch wheel. Having 

the wear measured circumference wheel, the weight pounds 
carried same, and the miles run, the following formula will give 
closely the tonnage service for each inch tread 33-inch wheel worn 
down: 
for direct wear thickness tire. 

the case above cited the tonnage service for inch wear was: 


.762 


164 757 428. 


further testimony, offer the following table average circum- 
ference wear 33-inch steel tired car the passenger equipment 
the Chicago, Milwaukee and St. Paul Railway, given Mr. Barr, 
from which deduce from the formula stated the tonnage service for 
wear down tread for shown. The average circumfer- 
ence wear that two wheels the same axle: 
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TABLE No. 


WAUKEE AND St. 


| 
Weight Car No.of Weight Wear Tons Service 
with Wheels per Wheel. Miles measured }-inch wear down 
Average load. each. | Pounds, Circumference. | of Tread. 
| | 

67 700 | 12 5 642 77 534 -400 252 468 096 
64 000 | -12 5 333 17 029 -150 145 305 051 
80 400 12 6 700 59 493 -700 136 663 920 
73 600 12 6 133 | 36 067 -250 212 359 954 
77 500 | 12 | 6 458 | 41 583 -600 128 900 646 
54 100 | 8 6 762 | 41449 -625 107 661 256 
59 500 8 | 7 438 | 80 444 700 205 145 990 
54 100 8 6 762 36 473 -500 118 382 604 
64 200 12 5 350 64 872 -650 128 147 150 
81 300 12 7 608 30 683 .375 149 399 208 
81 300 12 7 608 76 470 1.275 109 543 923 
47 000 8 5 875 72 795 -600 171 068 250 
63 200 12 5 267 | 95 446 1.100 109 683 072 
79 600 12 6 633 | 4 259 -550 148 364 049 
78 100 | 12 6 508 | 25 623 -200 200 105 380 
79 600 | 12 6 633 55 660 350 253 160 763 
77 900 12 6 492 54 083 -775 108 729 858 
50 500 | 8 6 325 47 997 700 104 084 922 
65 200 12 5 433 60 884 .500 158 775 730 
65 700 | 12 5 475 68 591 -850 106 080 675 

Average ...... 149 132 710 


From the same source gather the following data reference the 
performance 42-inch steel tired wheels with cast iron hubs, and 
reducing tonnage service for direct wear inch the formula, 


Mileage weight pounds wheel 
circumference wear inches 
used.* 


Tons service, 


Miles Run. Circumference 
Average Load, Wheels. Measurement. Wear. 
| | 
BE GRB..cencscce. 12 6 833 | 105 439 -900 | 151 061 524 
12 6 833 } 93503 | -600 204 027 012 


| Averag? ...+4.) 177 544 268 
| 


*Since this paper was dictated the author has devised the following convenient for- 
mula for determining tons service of wheels for a wear down of tread of } of an inch, 
applicable to wheels of any diameter, in which formula 

a = reduced circumference of wheel through wear in inches. 

6 = miles run to produce such wear. 

¢ = weight in pounds on wheel. 

d = diameter of wheel in inches while in service. 


7.92 b. 
————— = Tons service. 


— 
| | | | | 
| | 
| | | | | 
a, 


WHITTEMORE RAILWAY WHEELS AND RAILS. 139 


Through the kindness our Member, Theodore Ely, General 
Superintendent Motive Power the Pennsylvania Railway Company, 
the following table, showing the weights per wheel carried that line, 
compiled. The freight tariff that company, however, permits 
pounds paying load, where 000 stated this table. 


TABLE No. 


PassENGER Cars. 


| Weight. Load. | No. of Weight on 


KIND OF Car. Pounds. | Pounds. | Wheels. each Wheel.* 


Baggage 34700 16 000 8 6 O11 
Combination ... ° --| 896500 | 16000 | 8 6 611 ts 


Weight passenger car axle............... 326 pounds, 


| ' 
Krep or Caz. Weight. Load. No.of | Weight on 


Pounds. | Pounds. | Wheels. | each Wheel.t 
| 23500 6u 000 | 9797 


Weight car axle.................. 400 pounds, 
Weight freight car wheel................. 540 


| 
Diameter | Diameter | Weight | Weight Weight Weight on 
Class, of Driving | of Truck on | on on each | each Truck 
| Wheels. Wheels. Drivers. Truck. Driver. Wheel.? 


A Passenger | 68 inches. 33 inches. 64000 | 29500 | 16 000 7 375 
K Express passenger, 78 64 900 31 800 16 225 7 950 
i 


*Weight on each wheel is exclusive of weight of wheel. 


each wheel exclusive weight wheel. Weight box and stock cars 
includes air brakes fixtures. 


each wheel includes weight wheel. 
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TENDERS. 


| 


-— | 


When make allowance for wear due brake shoes and the flow 
metal, the tonnage service for abrasion due rail contact will 
largely increased. How that there such disparity between en- 
gine passenger wheel tonnage service will appear, prem- 
ises are correct, further on. 

fact, there are many varying and conflicting conditions, and 
much data wanting, such loss corrosion, etc., that seems about 
impossible determine fair expression for abrasion due rolling 
load alone, have the Missouri River act according mathematical 
formulas. submit that the facts presented indicate pretty clearly that 
failure does not result much from abrasion from some other cause. 

secure increased service wheels rails, the remedy proposed 
the author indicated the caption this paper, wit, 
Cylindrical Wheels Flat Topped Rails.” not wish under- 
stood that mean that the entire width rail top should flat, 
that made flat could continue for any great length time. 
The difference gauge between wheel flanges and rails permits lateral 
movement of, say, ofaninch, ormore. Owing difference wear 
reason wheels running from flange, curve characteristic this 
wear produced, and which will extend along the line bearing from 
the flange distance equal least one-half this lateral 
movement wheels rails, making the origin the curve about 
inch from the side the rail head. This will hold true also for 
both top corners the rail. The balance the rail top, contend, 
should 

When the subject rails was under discussion our last annual 
convention, our Past President, Francis, gave the key the 
solution the problem, and this was, that the material composing 
wheels and rails should not subjected pressures beyond their 


elastic limit. now over dozen years since, evening’s 


*Weight on each wheel is exclusive of weight of wheel. 
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sion with the late lamented Shaler Smith, Am. Soc. E., had 
under consideration the subject elasticity. The result calcula- 
tions was, that driving wheels locomotives, then loaded, must have 
diameter about feet, keep the contact between and the rail 
within the elastic limit. Calculations since made convince that this 
was under-estimate. 

hardly necessary for direct your attention the fol- 
lowing sketch illustrating our practice, shown Fig. Plate 
XLIX. The proposed arrangement shown Fig. without, 
however, endorsing the section rail shown below the line, 

children listened with interest the story the genius 
shown the invention the coned wheel for railway purposes; and 
were told that without curved lines could not operated, 
What are the facts? new wheel, constructed accordance with the 
rules the Master Car Builders’ Association, coned suit curve 
about 000 feet radius, and other; and after six months’ use, 
shown the preliminary report your Committee, such wheels are 
either worn hollow the flange from the flange; much so, that 
least one-third the instances, passing curves, the inner wheel 
travels its greatest diameter, and quite often the outer wheel travels 
its least diameter—yet such wheels are operated safely. The German 
jnvestigator Kriiger (see Vol. 86, Inst. E.) proves analyses what 
apparent all us, that rolling friction largely through 
this device. understand that the Association Master Car Builders, 
its meeting some two years ago, decided majority three the 
members attendance its conyention continue this practice; but 
that large majority those eminently practical men who were not 
attendance were vigorously opposed it. 

The form rail shown Fig. Plate XLIX, that lately recom- 
mended Sandberg for 100-pound rail, and which has curved top 
inches radius, and from the sketch seen that, far the elasticity 
wheel and rail will permit, about the best arrangement that can 
devised concentrate the stress point and have the travel the 
wheel aline. These are conditions that are revolting mechanical 
light—conditions would not attempt reproduce almost any other 
mechanical device. While this condition prevails with new car wheels, 
engine drivers are generally turned cylindrical, and the work done 
them and the car wheel tends drive down this arch the rail asa 
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wedge, and flow metal make flatter, the same time 
ing characteristic curves wear the wheels, often resulting shat- 
tering and piping the rail heads, with but little loss material from 
direct wear. This flattening the rail from original radius 
inches over inches well illustrated the report your Com- 
mittee. 

Mr. Octave Chanute, Am. Soc. E., many years ago gave 
the results his measurements the area contact between wheels 
and rails, and the writer quite recently made measurements similar 
manner, the results which may proper reproduce here, 
However crude the manner taking the impressions may have been, 
know other method securing them. 

first test was with engine having four driving wheels, each 
carrying 000 pounds; diameter wheels, tires much worn; 
and steel rail five years constant service. composite picture 
all these apparent areas contact shows egg-shaped oval, having 
major axis across the rail inches, and along the 
rail inch, inclosing area square inches. 

second test, with engine having six driving wheels inches 
diameter, carrying 800 pounds, with tires that had been service six 
months, gave similar figure contact, with major axis 1.27 inches 
inch. Through such contacts transmitted the power exerted our 
locomotives, not only their direct compressive force, but also their 
pulling capacity of, say, 000 pounds the lamina the rail. this 
the one spot our earthly domain which cannot apply reason? 
The ingenuity man has been able formulate the approximate horse- 
power the earthquake, finding the factors shattered towers and dis- 
mantled homes; must that ingenuity stand appalled before this point 
contact between wheel and rail? so, should exclaim with more 
effectiveness than did Lady Macbeth, Out, damned spot!” 

this spot where, the statement made paper now before 
this Society construed literally, occurs that miraculous chemical 
action, molecular interlocking the fibres” non-fibrous 
substance; but suppose al] know the meaning intended this 
sentence. 

me, and doubtless many other members outside some 


your Committee, the solution this problem rests having flat and 
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sufficiently broad surface the rail support not conical but cylin- 
drical wheels, keep the pressures within the elastic limit the metal. 
Right here are met the statement that not clear that 
creased bearing surface itself advantage;” and when attempt 
anything like analytical inquiry, are met cathedra state- 
ments such bearing surfaces the ordinary compression moduli 
the text books have application whatever. apply 
these constants the bearing surfaces spheres cylinders laid 
their sides, draw conclusion that pressures exceeding them are 
therefore dangerous destructive, unwarranted. attempt 
has ever been made, nor can there well be, determine constants for 
such round bodies, etc., and good bridge practice considered 
entirely safe load steel rollers rolling steel the equivalent 
10000 pounds per lineal inch for 33-inch wheel.” 

heartily wish that all abstruse questions engineering were 
well settled the minds engineers these appear the minds 
some your Committee. Ordinarily time wasted attempt 
argument before jury that has already rendered its verdict the im- 
portant questions issue; and trust that this Committee will pardon 
shall overcome natural modesty, and appeal those 
readers whose minds are open conviction, exercise patience 
while call their attention the labors, text book, and formulas 
one more astute than the celebrated character 


could distinguish and divide 
hair twixt south and south-west side, 
And wisely tell what hour the day 
The clock does strike, 


mean Professor Frederick Grashof,* the Polytechnic School 
Carlsruhe, one whose formulas has been extensively used this 
country for determining constants for rollers plane surfaces nearly 
every first-class bridge specification for many years; and heretofore 
referred our Member, Mr. Charles Macdonald, with telling effect, 
his criticism Shaler Smith’s, Am. E., paper draw- 
bridges, published our Transactions long ago 1874, and the 


Theorie der Elasticitat und Festigkeit mit Bezug auf ihre Anwendungen der 
Technik, von Dr. F. Grashof, Grossh. Badischer Geheimer Rath und Professor am Polytech- 
inkum zu Carlsruhe. 
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same volume containing the report rails made our lamented Past 
President, Ashbel Welch, Chairman, which report repeated six 
eight times the necessity securing greater width contact between 
wheel and rail. making use these formulas constructing the 
following table, the moduli was assumed the values stated, after 
examination the tests made our Member, Mr. Christie, and re- 
ported our Transactions some years ago. will seen the table 
tests steel rails the Chicago, Burlington and Quincy Railway, 
hereinafter given, that the modulus resistance somewhat lower 
than have assumed some instances, and much greater others. 
have utterly failed attempt secure any data relating the 
moduli chilled cast-iron; hence you will consider the results 
calculations this table applying steel wheels steel rails. The 
table not given play upon figures, but educator the judg- 
ment. has had that effect with me, and trust will not without 


interest others who have not given this subject their particular at- 
tention. 


TABLE ON OPPOSITE PAGE, showing allowable pressures of wheels on rails with curved tops; 
also on rails with flat top surface. 


Assuming different and which formulas 


K = Elastic limit per square inch and such portion thereof as may be deemed safe; 
Designated K,K,K,K,. 
E = Modvlus of elasticity of wheel. 
R, = Radius of rail top. 


Allowable pressure wheel rail. For rails with curved top the formula 


1 1 r2 
For rails with flat top the formula is : 


32 (1 
a 


In this table the assumed modulus of wheel tread 29 000000, and for the rail 30 000 000. 
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TABLE No. 


Radiiof Wheel | Weight on 
wheels, ac- 


and head of rail. 


Wheel. | 


+4 


Rail. 


35” 


3 a 
a 
stom 
' 
Sin oe 
‘SuSE 3 
ame 


cording to 
recent 
practice. 


16 000 Ibs. 


145 


Assuming the value of K as stated, the weight on wheels 
can be as follows: 


15 097 
14 086 
13 260 
12 502 
11 695 
10 366 


422 
1741 
881 
2011 


1316 
1 472 
1612 
1741 
1862 
1975 


530 
652 
1873 


1177 
1316 
1 442 
1 558 
1 665 
1 766 


1101 
231 
1349 
1558 
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These formulas for the values K,, and can 

reduced expressions follows, viz. 

The formula wish call your attention first, that which 
applies cylinders contact and having their axes transversely 
each other—precisely the condition that prevails with wheels and 
may claimed that the moduli assumed are not correct. 
answer is, assume any other within reason, and then deduce results. 
true that these formulas apply the cylinder wheel, but 
degree they apply with equal force the rail; or, put the 
language late editorial the Engineering News this question: 
fair presumption that whatever wears the rail most wears the 
wheel most.” 

words mine are give weight the deduction that 
can drawn from thistable. course nonsense contemplate 
the use driving wheels feet and over diameter keep within 
the elastic limit rails having rounded head inches radius 
Note what results are given for wheels flat surfaces. Please bear 
mind that these figures apply only static conditions loads; 
what should the practice when add that indefinite 
tity due momentum impact, imperfect wheels and track, and 
unbalanced locomotives high speeds? Our wonder not that rails 
fail soon, but that they last long! 

claim that this table once suggests is, 
that without the necessity increasing diameter wheels, should 
provide contact between wheel and flat surface rail from 
inches wide, making the total width head, after providing for 
corner curves, from inches. arriving this conclusion 
have taken for factor safety that given the use the value 
although that derived from corresponds, opinion, more nearly 
with good bridge practice—the statement some your Committee 
the contrary notwithstanding. 

The merit attach these formulas rests not alone their 


I 
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mination through rigid analytical and logical reasoning, but that they 
accord with common sense. 

true, reported your Committee, that our rails fail with 
little material abraded from the top. The fact is, they are crushed, 
after flow metal has reached its limit; they fail, like all other crystal- 
line substances when overtaxed, rapid disintegration and not abra- 
sion, and the exception find the scrap heap rail with the 
head well worn down. 

premises are correct, that wider bearing surface necessary, 
the question naturally arises, can such forms rolled? way 
always found that which must done but this width rail 
head shall prevail, then the indications are that the Sandberg pattern 
rail—with its sacrifice from one two pounds per yard reinfore- 
ing the two cantilevers its head accommodate splice bars that, 
themselves, restore the rail only one-half its strength girder 
where intact—must thing the past. 


search moduli for use Professor Grashof’s formulas, have 
secured, again through the kindness Mr. Rhodes, the Chicago, 
Burlington and Quincy Railway, the results test specimens, cut from 
the heads new and old rails, which are given the following table: 

have also secured (from George Gibbs, Mechanical Engineer 
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the Chicago, Milwaukee and St. Paul Railway Company) tests, chemical 
analyses and photographic representations etched rails that have 
received severe service, which are given the following table and 
sketches: 

TABLE No. 


Weight per Elasticlimit| Per cent. 
1887 F 66 119 000 60 100 10.15 New 
1887 F 66 120 800 61 500 9.30 “ 
18387 F 66 124 100 65 800 9.00 “ 
1887 F 66 126 700 68 100 6.25 “ 
1887 F 66 107 022 55 100 12.10 “ 
1887 | F 66 104 400 55 800 6.25 “ 
1887 F 66 120 437 63 400 9.96 “s 
1887 F 66 120 100 62 900 10.15 os 
1871 F 66 75 350 42 000 16.40 Old 
1871 F 66 | 66 130 38 700 9.40 “ 
187! 66 76 800 45 600 19.50 
1878 eS 66 79 600 50 560 18.75 “ 
1878 F 66 80 000 50 700 20.00 “ 
1878 F 66 76 000 47 100 20.00 id 
1878 F 66 76 200 44 300 22.26 ad 
1888 A 66 87 900 40 000 18.00 New 
1888 A 66 87 200 39 900 18.35 “ 
cove G 60 101 500 42414 6.25 Old 
1879 A 66 114 900 52 800 14.18 “ 
1880 F 66 74 606 35 185 30.00 “ 
1880 H 66 81 150 36 200 26.56 “ 
1882 I 66 92 300 46 500 15.60 New 
1884 I 66 106 400 78 300 eoee o 
1885 Cc 66 109 800 51 600 12.08 ed 
1885 Cc 66 111 200 52 600 14.38 bd 
1886 A 66 102 700 52 000 15.62 “ 
1886 J 66 93 300 48 132 21.00 ad 
1886 J 66 126 200 65 235 10.00 o 
187! K 56 80 285 37 650 22.00 Old 
1879 K 56 81 280 38 100 21.50 “ 
1880 H 66 83 800 eevee 21.00 o 


will observed that these tests not show any remarkable 
change through use. take fact that the cutting test speci- 
mens relieves them internal stresses, supposed the 
case reaming punched rivet holes steel plates. 

While the appearance the photographic etchings can some- 
times observed new rails, owing, believed, faulty manufacture 
design, yet fractures this rail before use did not show such 
defects structure. the slow but fatal development inter- 
nal organic disease structure that not organic, may borrow 
idea from present report—a sort tuberculosis disease, with its 
slow-forming cavities. (Plates LI, LIV, LY.) 


| | | | | | | 


TABLE 


Vol XXI, page 148. 

| 56-pound steelrail, ....| .35 | 1.35 
72** | 9and10 | ee | C | .344 | 0.83 
77“ |15 and 16 “ | D | .297 | 0.87 
122 |j2land22| | A | .46 | 0.97 


Nore —Nos, 123, 124 and 125 were 
and best when taken out. 
Nos. 120, 121 and 122 were betwee 
The following analyses of three s: 
Analysis No. 1, made from a pie 
cent.; P., 0.132 per cent.; S.., 
Analysis No. 2, made by “ A” thi 


per 
Analysis No. average analy: 


Test specimens were cut from he 


December 29th, 1888. 


| } | | | | 
| 


TABLE No. 


MILWAUKEE AND St. Company. 


! 

= = | = os c > | s 

1.63 .075 .056 

0.35 | .050 | .193 1. 

0.87 .047 91900 June, 1886 Sept. 26th, 1887 .......... 
0.64 | .063 | .146 | 21. | 83500 Oct., 1878 July, 1887 Dark gray, fine 
0.92 | .082 | -129 | Be 88000 Oct., 1878 July, 1887 | Light gray, cor 
0.99 .065 80400 1876 June, 1887 Light gray, rat 
0.84 | .119 | .140 17. 97700 Oct., 1876 June, 1887) fin 
1.08 .103 .150 19. color, fin 
0.67 .274 .108 23. 400 Dark gray, fine 
1.55 | .030  .067 114 900 White and rath 
1.52 | .046  .066 | 14. 108 500 . |Gray, fine grai 
1.97 | .065 | 074 | 5. 120 200 ..|White and ratl 
0.68 | .227 | .OM8 | 21. 87 700 .|Fine grain, sm 
1.00 | | 17. 102 300 os gre 
0.94 | .021 .069 2. 84 600 | White, coarse | 
1.15 .068 15. 121 700 white, 


NOTE —Nos, 123, 124 and 125 were between Langdon and Newport, Minn., laid on a &¢ 

d best when taken out. 

Nos. 120, 121 and 122 were between Read’s Landing and Wabasha, laid on about a le 
he following analyses of three samples of 75-pound rails were made at Laboratories 
nalysis No. 1, made from a piece of 75-pound rail that came from “E,”’ was: C., 

cent.; P., 0.132 per cent.; S., 0.053 per 

Analysis No. 2, made by “A” this year, was: C., 0.391 per cent.; Mn., 1.31 per cent. ; 

Analysis No. 3, an average analysis made at ‘‘E,"’ was: C., 0.29 per cent.; Mn., 0.40 
B., O.08 per COME... 

Test specimens were cut from head, shown, turned down inch diameter in« 
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beyond the intended scope this paper treat the chemical 
composition steel rails; yet may proper for incorporate 
extract from letter just received from the able manager the Union 
Steel Company Chicago, Mr. Robert Forsyth, Am. Soc. E., 
follows: ‘‘In regard your inquiry the analyses steel, will say 
that aim make rail steel with: Carbon, .32 per silicon, 
.06; phosphorus, .09 .105; manganese, 1.00 1.50 per cent. 
The amount manganese varied from time time suit the 
character the metal may happen using. have madea 
great deal steel with phosphorus lower than .09, but cannot, 
rule, better, nor think necessary for 

matter curiosity sends two analyses rails, made not 
long which determined large number substances not 
ordinarily looked for steel. These analyses should not considered 
typical his manufacture, however. They are follows: 


No. 1 No. 2. 

Per cent Per cent 


justly claimed the managers rail mills that the engineer 
permanent way deficient knowledge what practicable forms 
can rolled with good results; and also natural suppose that 
the proprietors these works desire limit their output the 
amount metal that can squirted through their rolls the shortest 
possible time, and have the same accepted. 

find, however, from examination forms sent rolling 
mill managers, that they can roll, with uniformly good results, great 
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diversity disposition metal the engineer permanent way 
offers his pians. This, however, branch the subject which 
not the purpose this paper treat. such wish light 
this branch refer the paper steel rails, our Member, Robert 
Hunt, read before the American Institute Mining Engineers 
October last, which will appear that all the the rail heir 
cannot attributed the error its curved top; neither 
claim, but assert that whether the material good bad, better 
service will secured when this error eliminated. 

Plate are shown sketches sections rail taken from 
scrap heap showing how rails fail with little abrasion. 

These rails were the very best quality and had been service for 
nine years. Measurements taken twenty them show wear 
less than inch, and the loss weight about pound per 
yard. How much this was due corrosion and how much abra- 
sion not know, but venture say that there was twiceas much 
from corrosion from abrasion. Giving these sections the curve 
head that they originally possessed, and with the web projecting into it, 
can devise better form for splitting the rail from the weight im- 
posed the wheel than presented Yet this typical universal 
practice. premises are true, now see why and 42-inch 
wheels, under our passenger equipment, render much greater service 
than have from the rail, which subjected pressures far beyond 


the elastic limit, through freight car wheels and engine drivers. 


wear engine drivers shows better results than that rails but 
must remembered that there from two three times the metal 
their cross-section than the rail that there greater field for flow 
and disposition stresses the former than the latter and yet 
not unheard-of thing for driver tires pipe and split. com- 
paring wheel with rail service, should borne mind that the esti- 
mates given tonnage service rail apply the two parallel rails, 
and not one rail only. 

The fact that there hardly wheel turning under our freight 
cars when loaded their scheduled capacity, driver under our 
locomotives, that does not strain the the rail beyond its modu- 
lus resistance. From the tests given can safely assume that for 
the majority our rails this modulus can taken 000 pounds. 
many instances falls below 40000. With modulus 000 
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pounds the car wheel can sustain about 000 pounds within the elastic 
limit, and this approximates the weight passenger equipment 
hence the high service shown for the steel tired wheel. 

Undoubtedly, many our older members have seen the iron 
rail twenty-five thirty years ago wear down nearly one-half inch 
many them have observed, and have measured the wear steel 
rails when first introduced, and when lighter loads prevailed, wear 
inch before they found resting place that charnel-house, the 
scrap heap now, under present loads, their usefulness ends with from 
ten forty fifty million tons’ service. Some one spot our over- 
loaded engine tires wears down inch after service from 
twenty forty million tons, while the steel tired passenger car wheel, 
which loaded about its elastic limit, gives tonnage service from 
one hundred and fifty two hundred million for the same wear, nearly 
the whole which wear can reasonably attribute the action 
brake shoes and slipping wheels, and not abrasion due normal 
conditions rail and wheel contact. 

regard the fillet curve wheel flange, belief that the 
decision your Committee correct—that should not the same 
the curve rail corner; that flange pressures should confined, 
near the origin the curve, with the tread wheel 
and where abrasion caused increased periphery the least, and also 
where leverage resist stress the most effective. 

should seriously consider the propriety adding any way 
whatever the duty the flange—a projection only trifle over 
inch—the agent between and disaster rush through space 
fearful velocity. venture say that there not flange cast- 
iron wheel that cannot knocked off, without excessive effort, 
hammer the hands any person this room. 

appears self-evident that rolling resistance decreased with 
wheels running within the elastic limit that once wheels are equal 
diameter, they will longer remain than the present practice and 
that, therefore, the tendency wheels run flange will not 
nearly sogreatasnow. The larger wheel always drags the smaller when 
the same axle. 

strikes the writer that heretofore the engineer permanent way 
has had just enough the his nature desire top out 
his work graceful curve, leaving the purely mechanical engineer 


152 WHITTEMORE RAILWAY WHEELS AND RAILS. 


duty the civil engineer, per se, the real conservator power and 
matter, meet this condition. 

Looking the rail end, cross-section, find very small 
affair, square inches area, and matter treats but few 
hundredths this area but when looked longitude, find that 
has length over 600 000 miles, every inch which contains, 
believe, blunder design. 

this opinion correct one, then the duty our profession 
hasten the slow processes evolution and eradicate this evil the 
shortest practicable time. This cannot done once—rails and wheels 
now service will remain until their usefulness past. The flat topped 
rail adopted any single line will receive the imprint wheels worn 
hollow tread service round-topped rails but believe those 
responsible agents lines forming any one our 
nental routes make earnest effort this direction, the evil will soon 
practically overcome. Already earnest effort being made 
several managers and engineers several important corporations 
secure uniformity rail sections. 

believed that the change form rail contemplated this 
paper will not involve the use any more material than now used 
many our railways. That dear old lady, Mrs. Partington, said that 
when the horse ran away with her, she trusted Providence until the 
breeching broke, and then she jumped. The traces our railways are 
now their fullest tension, possessing factor safety within the 
elastic resistance. Have not trusted Providence too long our 
leap, not into the dark, but into the light reason, avoid disaster 
that will, that does, result from present practice 

change necessary, why not have our form rail type that 
noblest all creations, man with two legs and feet 
Why not come back the design the American Strick- 
land 1834, re-designed Brunel 1835, and still use the 
Great Western Railway England? While not prepared ex- 

press the opinion that the rail the future will have this similarity, 
goes without saying that disaster surely follows any attempt work 
material substances, well our mental faculties, beyond their elastic 
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DISCUSSION 


CYLINDRICAL WHEELS AND FLAT TOPPED 
RAILS FOR RAILWAYS.* 


James Past President Am. Soc. E.—I have had little 
practical experience the wear rails and the tires wheels 
rolling them, but there are some general ideas that occur bear- 
ing the matter. 

Assuming that the top curved section, and the tire 
conical represented Fig. Plate the forms are perfect and 
the material both incompressible, they would touch only point, 
where the pressure per square inch would infinite. They are, how- 
ever, both compressible, the effect which form depressions 
both surfaces, and distribute the pressure over area, the extent 
which depends the degree compressibility. The pressure per 
square inch would very different parts this area, being 
greatest the first point contact, and diminishing from this point 
the edges the depressions, where would nothing. 

the forms the rail and tire are represented Fig. Plate 
XLIX, the contact, the material incompressible, would line, 
every point which the pressure per square inch would infinite, 
and compressible, depressions would made, having this line for 


Cylindrical Wheels and Flat Topped Rails for Railways, Whittemore, Trans. 
Am. Soc. E., Vol. XXI, 133, September, 1889. 
+ Transactions, Vol. XXI, p. 142, September, 1889. 
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axis; where the pressure per square inch would the greatest, 
and the edges the depression would nothing. 

The area the depression would greater, and its maximum depth 
less, the case represented Fig. than Fig. and the total 
pressure being the same both cases, the mean pressure per square inch 
the depression would proportionally less Fig. 

the destructive effect the pressure the rail and tire 
substantially proportional the maximum pressures which would 
obviously greater Fig. than Fig. 

The above applies only the case where the surfaces are unworn, 
and the motion uniform both velocity and direction; practically these 
conditions are far from being fulfilled. The effect use Fig. 
adopt that form, something near it, begin with. 

page 146 the paper, after describing the great variations the 
forces, remarked: Our wonder is, not that rails fail but that 
they long.” idea that the destructive effects pressure, 
impact, are largely modified their distribution through the mass 
the head the rail; the application the pressure impact would 
usually small area the top the rail, and the pressure 
would sufficient crush isolated prism with base that area; 
crushed, however, must spread laterally, which prevented 
great extent the adjacent parts the head the rail, and instead 
crushing the prism, the elasticity the metal large part the 
effect transferred other parts the head the rail. the point 
contact near one side the head the rail, the prism would have 
less support from adjacent parts, and these parts the head would 
the weakest. 


President Am. Soc. E.—The statements contained 
the introductory sentences Mr. Whittemore’s paper 
Wheels and Flat Topped Rails for must certainly 
accepted without controversy. true that the wheel-loads are 
larger than ever before, and not all likely that they will ever 
reduced; equally true that the rail sections have not been increased 
proportion the heavier loads imposed, and that the rails are 
therefore subjected stresses somewhat beyond their proper resisting 
capacity. 

While agree with Mr. Whittemore thus far, Iam not prepared 
admit either the full extent the consequences due these admitted 
facts, nor quite agree with his views regarding the efficiency the 
remedies suggests. 

the first place, the wheels and rails which are annually consigned 
the scrap heap, and the value which estimates billion dol- 
lars every few years, are means total loss. far the old rails 
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are concerned, they bear, present prices, proportion the value 
new rails, about 28. 

Assuming the total mileage all tracks (main, second and yard 
tracks) this country 300 000 miles, and counting 100 tons per mile, 
would have aggregate 000 000 tons rail. Assuming, 
further, the average life rail all these tracks fifteen years, the 
annual renewal would amount 000 000 tons, and the absolute loss, 
resulting from the difference value between old and new rail, say 
per ton, would $12 000 000 per annum. 

The number wheels attached our combined rolling stock and 
motive power about 00C 000, and their aggregate weight about 
000 tons; the wheels annually broken and condemned for all 
causes amount about 300 000 tons, and the difference value be- 
tween scrap and new wheels nearly $13 per ton, that the actual 
annual loss wheels would foot about 900 000. This, together 
with the $12 000 000 for rails, gives $15 900 000; amount very far 
from Mr. Whittemore’s billion. Indeed, the total value all tracks and 
wheels the country does not amount billion. Still 
the value the annual scrap heap amounts quite large sum, and 

But let take look the other side the and see what 
has been gained the adoption heavier power and larger carriages. 


CoMPARATIVE STATEMENT ENGINE AND ToNNAGE AND 
Ton For 1873, 1878, 1883 anp 1888, PERCENT- 
AGE INCREASE DECREASE COMPARED 1873. 


9.5 

Car Mileage.......| 70654926) 92533418 30.9) 116958485 65.0 116112930) + 64.3 

Tonnage 2292 250 5076311 +121.5 210 +170.9 

Ton mileage ......| 479 917 429| 637 470 -_ + sa 944 563 376 -++ 96.8 1 004 657 034| +109.3 


| 
Per Per Per 
1873. cent 1888. cent. 
Engine mileage . 2312780) 2037633} — 11.8) 2672601 15.5 2 803 974! + 21.2 
Car mileage .......| 36189 40376 875| 11.5) 48437 +. 33.8) 65 332 026, + 83.2 
1472709) 2142155) + 45.4. 3466544) + 67.4 5 239 796 +-255.8 
Ton mileage... 205 508 887| 287 757 40.0 428 293 199) +108.5| 622997 128, +-203.1 
++ Increase. — Decrease. 


The above statements give the result upon the Pittsburgh, Fort 
Wayne and Chicago Railway, and the Pittsburgh, Chicago and St. 
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Louis Railway, and they show, that while the former road, between 
1873 and 1888, the engine mileage has decreased per cent., the car 
mileage has increased per cent.; the tonnage has increased 171 per 
cent. and the ton mileage has increased 109 per cent. the Pittsburgh, 
Cincinnati and St. Louis Railway, the engine mileage during the same 
period has increased per cent.; the car mileage has increased per 
cent.; the tonnage increased 256 per and the ton mileage increased 
203 per cent. 

Similar results are obtained all lines where the motive power 
capacity has been judiciously increased with the enlarged freight car 
capacity. 

Now, course, would not reasonable expect such favorable 
results entirely without sacrifice some sort. 

But this not all. Look the chart rail-prices and note the 
reduction cost from $120 1873 $30 1888 for steel rail; and also 
glance the price $70 per ton for iron rail 1873 and remember 
that this rail, under the much lighter wheel-loads that time, regularly 
wore out from six months two years’ time. 

And then summarize the situation 1873, and compare with 
You will find that our present engines, with greatly reduced mileage, 
transport much larger tonnages, that our rails cost per cent. less than 
1873, and wear six times long; that really our condition appears 
satisfactory and encouraging, rather than gloomy and 
Mr. Whittemore would make believe. 

Rails have been worn the past under much lighter loads, and 
doubt they will continue wear out the future, and will the wheels; 
fact, there nothing upon railroad that does not wear out; even the 
chief engineers, tough they generally are, wear out course time. 

Mr. Whittemore admits the difficulty determining the amount 
abrasion due rolling load alone, and agree with him fully; and 
also confess that have precious little faith the development 
formula which gives the theoretical ton service for wear wheel- 
tread deduced from results varying between 107 000 000 tons and 
252 000 000 tons under nearly equal wheel-loads. doubt would 
seriously complicate the solution equation which would contain 
variable values for corrosion, brake shoes, sanded rails, slipping drivers, 
sliding wheels, abrasion torpedoes, flow metal, and internal strains 
due imperfect manufacture; and suggest, that the quantity remain- 
ing after deducting all these enumerated values, and which remainder 
would represent the legitimate wear due the tonnage, would any- 
thing but constant practically reliable. 

remedy the effect excessive loads upon the rails, Mr. Whitte- 
more proposes abolish coned wheels, make the rail head flat, and 
increasing the contact area and bearing surface, reduce the unit 
pressure upon rails and wheels alike. 
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this would satisfactorily accomplish the purpose, certainly ought 
done; but would apprehend that the wheels would not maintain 
their perfectly cylindrical shape, nor the rails preserve their flat hori- 
zontal heads after short period actualuse. Between the track gauge 
and the wheel gauge there difference inch, which admits 
continuous oscillation corresponding that space, and unless the 
wheels can made metal wholly indestructible, curved groove 
will worn into their treads course time, which will either 
cause.the wheels run upon the outer edges the flat rail head, and 
thereby abrade the corners; or, more likely, will wear the entire rail 
head curve corresponding the groove the tread. 

attach hereto prints 112 rail sections (see Plates 
measured various places our tracks between Pittsburgh 
and Columbus, showing the sizes and conditions the rails, and any 
lesson learned from this exhibit, the effect, that under 
ordinarily favorable conditions, the rails wear reasonably well; upon 
sharp curves they naturally wear faster; slight flow spreading 
the metal indicated upon the outer edges the rails. doubt 
the same flow occurs the inner edges well, but constantly 
ground off the wheel flanges; but this flow does not, opinion, 
hasten the destruction the rails any marked extent; they fail upon 
tangents from vertical wear and upon curves the abrasion the 
inner sides the heads. long this kind wear continues 
uniform, there can special cause for complaint. the 
irregular destruction individual rails from defective manufacture 
which gives just cause for dissatisfaction and alarm. 

These defects have been very clearly pointed out Mr. Hunt, 
Mr. Mattes, and Mr. Hawks; their causes are being generally 
understood and admitted and the remedies will doubt promptly 
applied. Wider and shallower heads with flatter tops and sharper 
corners will avoid the defects caused internal strains due in- 
judicious distribution metal, and afford greater resistance against 
wheel pressure. 

While are engaged these efforts reforming the rail sections, 
should begin reducing the endless variety patterns few 
standards normal shape; this would not only save much outlay the 
manufacturer making new rolls and constantly changing them for 
every trifling order, but would avoid much confusion and simplify the 
labors all concerned. The catalogue the Cambria Iron Company 
alone contains forty-five different patterns for sixteen different weights. 
The 60-pound pattern alone has seventeen different shapes. all these 
numbers there must one that better than all the rest, and 
can determine which one is, all means let have it. 


Past President Am. Soc. E.—In partial answer 
the discussion the author’s paper Cylindrical Wheels and Flat 
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Topped Rails” our worthy President, feel impelled say that his 
deductions fortify statement made that car wheels and rails 
the value nearly billion dollars pass into the scrap heap every 
few years this continent alone.” was this fact the main 
prompted dictate paper. 

the words few years” evident meaning was em- 
brace this period their service wheels and rails before they went 
the scrap heap, the same five fifteen years. the time paper 
was written wheels and rails were worth $30 per ton Chicago, and 
this would make the value wheels and rails this continent, 
estimated our President, $975 000 000, approximating closely the 
author’s statement. did not endeavor show annual depreciation 
the value the scrap heap, but left that for each member infer 
what was his judgment might warrant. This the honorable Presi- 
dent has done manner satisfactory himself; whether 
our members remains for them determine. 

The author pleased learn that our President advocates wider 
heads and flatter top. 

have doubt that the President will agree with that many 
our rails forty years ago had top from inches radius. 
When they were worn out this curve approximated radius inches, 
many the second generation rails were then formed with 6-inch 
radius, the third came out the track having radius inches, the 
fourth with about ten, and now the fifth generally designed with 
12-inch radius. Many exceptions, course, can cited, but this has 
been the general rule. referring the diagrams tangent rail wear 
contained the Preliminary Report the Committee the relation 
wheels and rails each other, will seen that the average radius 
worn rail tops the Pennsylvania have been beaten down from 
radius not more than inches these facts mean 
anything? With the constant tendency flatten tops, why not make 
flat once, and then demonstrate whether portion the rail 
head will remain not? 

The amplitude the oscillation wheels and rails will, course, 
demand corner curves, and plain see that these curves will 
spiral nature, well shown the diagrams have above cited, and 
which curve can approximately described commencing about 
inch from the perpendicular the side rail with curve 
radius extending through degrees, thence compound- 
ing curve radius, through the balance the perpendicular. 

course, with wheel-treads already worn hollow round-headed 
rails, the change flat head, and maintain practically flat, be- 
comes difficult, but not opinion entirely impracticable time 
through general adoption. 

regard tire wear, our President evidently attaches but little 
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value the facts the author presents. That reasonable sup- 
pose the material steel tires may vary somewhat, its elastic 
limit, shown the case rails, may well account for the great 
variation they give tonnage service, but seems the author 
that the general averages gives are worthy consideration sup- 
port the opinion advances. Many the sections rails shown 
the President indicate, and unqualifiedly admits, flow 
metal, the sure indication that the elastic limit exceeded. what 
other device does attempt subject metal such strains, and 
not proper, how can change practice effected, presup- 
posing, course, that the wheel-loads will never less than they 
are now. 

Again, some the wheels referred the table were undoubtedly 
such had never been subject brake-wear, as, for instance, the 
middle wheels six-wheel truck; and this fact may well account for 
varying results—upon which our President says has precious little 
faith the development the author’s formula giving the theoretical 
tonnage service 

answer desire say that the formula purely arithmetical 
one, not empirical any sense the word, and while believe 
the first express wheel wear tonnage basis, also feel prepared 
say that the formula correct that which used ascertain 
the tonnage service rails. presume, however, that the President 
means take exceptions the determinations derived from the formula, 
that the same are such leave him but precious little faith their 
value. 

strange how differently esteem these values and determina- 
tions. argument that the table question shows that wheels 
running near the limit elasticity and the same time subject 
the contingent wear from brake-shoes, slipping, etc., give ton- 
nage service, for wear one-eighth aninch, from two and one- 
half six and one-half times the tonnage service secure from the two 
parallel rails good quality now designed, before they the 
scrap heap. 

The decreased engine mileage compared with car mileage, which 
cited, directly attributable heavy engine service, resulting won- 
derfully decreased cost transportation. There question about 
this. From this cause and fierce rival interest combined, lower rates 
have prevailed, dividends stockholders are less, are passed, and 
managers are now demanding the engineer how this economy train 
service can perpetuated. this end much will accomplished 
when the rapid deterioration rail prevented. 

this connection should bear mind that from thirty sixty 
overloaded freight pass over our rails one engine-driver, 
hence the injury rails can attributed largely freight service our 
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permitted loads freight wheels being about that English 
and French practice. 


Am. Soc. E.—I have listened with very 
great interest and the paper Mr. Whittemore. 
regard one subject think that there can doubt that cor- 
rect that is, the enormous disproportion between the rail wear caused 
the tires the locomotives and car wheels. According the 
best available evidence, something like three-fourths the rail wear 
results from the locomotive and only one-fourth from the much larger 
tonnage the cars. That has been heretofore unproven hypothesis, 
because can only determined indirect way but the data 
which Mr. Whittemore has collated exactly accordance with what 
engineers who have studied the matter have concluded that subject. 

One point difficulty that has occurred me, among others, 
listening the paper, leads feel considerable doubts Mr. 
conclusions, viz.: the modulus elasticity mass 
metal loaded the center weight which does not extend over 
its entire surface. have myself, with view determining whether 
there was any permanent set from the locomotive, arranged have 
locomotive, the heaviest could get, run over some rails and left 
there long possible. Now, the quick passage locomotive 
over rail produces permanent set, seems logical that one whose 
weight continued rest one spot for from one hundred two 
hundred hours would produce still more permanent set; but the most 
careful effort find some sign indentation failed. true that 
the weight locomotive, quickly passing over, produces the 
rail large permanent set, then standing the rail from day week 
should produce more permanent set, sufficient least detected 
the reflection ray light; but such not the case. 

the other hand, entirely feasible explain that there 
locomotive running speed, great deal rubbing 
lateral motion the lurching the train from one side the other, 
also from unequal diameters wheels, etc. think has been prac- 
tically proven comparison with the wear which takes place curves 
and tangents, that all the tangent wear that occurs can accounted 
for caused abrasion only. were true that the instantaneously 
applied weights produced permanent set, some our rails which stand 
great many such loads minute would worn away and could not 
stand for any length time, whereas some rails last fifteen twenty 
years. 


Mr. investigations this subject some twelve 
years ago, did not have the benefit Dr. analysis; but pur- 
suing nearly the same method reasoning that does, arrived 
nearly the same results his formulas give. From the area the con- 
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tact 70-inch tire under load from 000 000 pounds, the 
compression both tire and rail combined did not show over about 
inch; but.the more have thought the matter, the more 
Iam convinced that the material rail and wheel were pressed be- 
yond their elastic limit. 

Relative the modulus elasticity used the application Dr. 
Grashof’s formula, wish remark that the greatest variation can 
allow from the knowledge have, when applied the rails which 
tests are given, will between 000 000 and 000 000, and tak- 
ing either one these values, but little difference will found the 
results given table. 

Mr. Mr. Whittemore ever made the experiment 
taking block Bessemer steel, planing off flat, and then taking 
smaller rounded block, like the tread wheel, and applying success- 
ive pressures until permanent produced, and then determin- 
ing what pressure per square inch was necessary produce it? 

Mr. have not made such tests. 

Mr. questions such moment seems that 
cannot rely mathematical analysis for conclusions all know 
how liable purely mathematical analyses are fail under test. can 
deduce general results from specific experiments their aid, but 
somewhat unsafe, ifthe formulas not rest experiment, attempt 
any generalization their evidence alone. Professor de- 
ductions rest experiment 

Mr. Grashof distinctly says the modulus 
elasticity and resistance must first determined experiment, 
and this having been determined, his formulas apply their several 
the absence these values, have applied moduli usually 
determined, the best testimony can offer the absence further 
tests. 

wish say word regard aluminum. The refined analysis 
steel given paper shows that contains per cent. that 
metal, and moderate cost can add about nine times this amount, 
would great advantage, provided its benefit anything like 
what claimed for alloys that kind. that aluminum steels 
this grade can furnished for from per ton over the price 
steel, the belief that will soon able supply aluminum for 
trifle less per pound. 


Am. Soc. have for sometime past 
held identical views with Mr. Whittemore this subject, which has 
fully and forcibly brought the attention our engineers. 

Any engineer who has had any thing with “Strength 
can not but see the correctness the statements brought 
forward Mr. Whittemore, and why they should have been ignored 
long sensible men, hard see. 
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decidedly favor flat top rail such proportions that the 
bearing area will only produce stress within the elastic resistance the 
material used. 

have advocated this theory our road for two years past, when- 
ever the question new rail section has been discussed; and 
far believe that the day not far distant, when, secure rail 
sufficient bearing area, some such section shown the sketch below 
will come into use for the two-fold purpose increased bearing be- 
tween wheel and rail, and between tie and rail. 


Additional splice convenient form used. 


Mr. E.—It hardly within the province civil 
engineer remark very much the shape wheels. 

for the rail, opinion that the top should nearly flat. 
very much doubt, however, absolutely flat top rail can rolled 
satisfactorily. 

firmly convinced that there should not more than slight 
convexity—say radius inches. 


Mr. (Prest. Balto. Car Wheel began 
the manufacture cast chilled car wheels, from engineering stand- 
point believed cylindrical wheel the best form adapted for steam 
railway service, and such wheels. there seemed 
prejudice the part railway officials such treads, and while 
they favored those with cone shape, necessity were compelled 
meet the prevailing idea. 

Having practical way form opinion relative value 
the two forms tread their relation rail heads, cannot give 
opinion based upon experience, but should, however, engineers, 
pronounce favor the cylindrical tread and flat head rail, most 
likely give increased life both. 

The first five lines Mr. Whittemore’s paper are interesting, and, 
doubt, true far the engineers are concerned, but while they are 
exercising their genius secure safety and make economy train 
service possible, may not that their efforts are counteracted 
the purchasing agent, who, from his point view, believes also 
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accomplishing the same economy; who, from commercial standpoint, 
buys cheaply—in fact purchases his wheels per ton for about what 
proper metal make such articles costs—thus causing the wheel-maker 
undo what the engineer endeavors accomplish, his genius 
taxed produce commercial wheel and not engineering one—a 
wheel that can made without pecuniary loss himself, which will 
accepted. 

Within the last few years some the railroads have formulated 
specifications based upon physical test, and have increased the weight 
chilled wheels meet increased weight cars and carrying capacity 
—in some cases much 100 pounds. 

would seem that this increased weight would insure increased 
strength, but many cases does not. Having recently tested wheels 
from eighteen different makers, were amazed find what poor 
material wheels which will stand the specified requirements can 
made, showing conclusively that the tests are not what they should 
secure proper work. Our test also demonstrated that the additional 
weight allowed structure has not increased its value for strength, 
notably with one maker’s work, whose recently-made wheels, weigh- 
ing from 555 575 pounds, stood average blows crack, and 
blows break under drop, while old wheels, same maker, 
weighing less than 500 pounds, made some eight ten years ago, and 
after many years service under cars, stood under same drop average 
blows crack and blows break. From our experience 
reasonable claim that had the same stock been the heavier struct- 
ures was the lighter ones, with additional weight properly dis- 
tributed, the heavier wheels would have stood from blows 
break them, and could have been made with deeper and better chill, 
prolonging their life, and probably giving less wear upon rail heads, 
they would retain their contour and better preserve their relations with 
the rail heads. 

the good offices the civil engineers could utilized bringing 
wheel-making higher standard excellence, have doubt rail- 
road shareholders would benefited, and the road secure safer and 
cheaper service. 


Am. Soc. car wheel must necessarily 
have some lateral motion. given it, greater less extent, 
more less loose gauge, all engineers, construction. not 
given the beginning, will acquire very soon, wear rails and 
flanges. 

The central portion the wheel tread, whether cylindrical con- 
ical, will get the most wear, and the tread will worn hollow. 
not see how this can avoided, even running only upon top 
rails. 


The consequence will be, with hollow tread wheel, carry the 
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weight the load upon the inner and outer edges absolutely flat 
top rail, which far worse, the whole weight first upon the inner and 
then upon the outer edge the The heads rails must very 
strong stand under such treatment. 

Such consequence will also rock the rail upon its tie, and loosen 
there, and also have injurious effect upon the stem the rail, 
bending back and forth, wheels carry their loads alternately the 
inside and outside the rails. 

own preference for rail top such contour fit the 
eraze hollow tread wheel. Possibly this cannot ascertained except 
wearing wheels upon flat top rails. think, however, would result 
rail top very considerably removed from flat top. 


Howarp Am. Soc. E.—On reading over Mr. Whitte- 

more’s paper notice the following, which seems need comment: 
page 150 Mr. Whittemore’s discussion the rail head question 
says: Giving these sections the curve the head that they origin- 
ally possessed, and with the web projecting into it, can devise 
better form for splitting the rail from the weight imposed the wheel 
than here presented 

would seem Mr. Whittemore had forgotten practical illus- 
tration this particular action, with which must have been familiar 
many years ago. 

those days had been told make stake for driving into 
hard ground, hardly think would have made the stake flat-topped, 
matter such notoriety that the stake with the tapered head 
the one that stands driving best. 

Although quite agree with Mr. Whittemore the desirability 
wide bearing for the wheel, and believe that the flat head about the 
only practical way attain that object, the argument adduced seems 
make favor the other side the question. 

With round-headed rail the overhanging sides the head are less 
exposed splitting off than with any other form. 

have only imagine rail with concave head see how much. 
the splitting-off action the wheel would intensified any flatten- 
ing the head. 

Lest this should considered fanciful presentation the 
necessary call mind the fact that every wheel tends wear more 
less double flanged. 

Now, even the rails were originally wide and flat, there must arise 
from side wear more narrowing the head, which the wheel 
wear will conform itself. 

When wheel worn runs over new unworn flat headed rail, the 
bearing would the outer edges the rail head and the effect 
would the same with the supposed concave head. 


3 
4 


a) 
§ 
q 


DISCUSSION RAILWAY WHEELS AND RAILS. 165 


Mr. Whittemore evidently quite sure that there can such 
thing fibrous interlocking two iron surfaces, but cannot share 
his skepticism until experiments friction accompanied micro- 
scopic examinations the surfaces have shown that there not 
cellular formation iron, the walls which, when worn, may form 
microscopic ridges and points, bent one way the other the rubbing 
another surface. 

have already suggested such action this possible solution 
what has been ascertained observation German railroads, 
namely, the greater wear per ton traffic rails ran over both ways 
compared with those upon which the business all one way. 

hoped that experiments will made upon this point 
some the physical laboratories the country, and also that some 
great road with both single and double track lines will institute observa- 
tions confirm disprove the German results. 


Mr. White quite mistakes reference that 
singular sentence the Preliminary Report the Committee the 
relation wheels and rails each other; wit: Molecular 
interlocking the fibers.” The committee evidently refer cast- 
iron steel surfaces contact and not iron surfaces Mr. White 
asserts. Molecular, need not say, chemical term, and any expres- 
sion that implies molecular change certainly implies chemical one 
also. Cast-iron and steel are generally considered crystalline struc- 
ture; hence conclude that both the terms molecular and fibrous were 
misused the sentence referred to. 


Am. Soc. E.—With reference the form 
the rail head, approve the proposed flat top with small radius the 

Instead having the head broad, proposed, should prefer 
somewhat narrower one both for the purpose diminishing the train 
resistance cases when there was any tendency the wheel run 
either from flange, and also thereby save metal added 
the depth the head, and thus, its greater depth and the lessened 
length the cantilevers, strengthen the top against the tendency 
the sides break off indicated the paper, also oppose greater 
amount metal worn down. 

the wheel, approve the general form tread shown Fig. 
Plate XLIX the paper under discussion, but would limit the length 
the flat portion somewhat less than the width the rail head 


order that the tread the wheel wore might not develop groove 
near the flange. 


Am. Soc. E.—As whole, this subject one 
which should very fully considered those responsible for the 
engineering and mechanical departments our railroads. 
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believe that the tendency railroad construction toward too 
heavy weights upon the track single point. While Superintendent 
the Motive Power the New York, Lake Erie Western Railroad, 
our limit was 000 pounds upon any one wheel, and order get 
greater adhesion and consequently greater tractive power, built 
passenger locomotives, order get better distribution 
the weight the locomotives and still have the driving wheels. 

Mr. Whittemore very clearly states his proposition that should 
use cylindrical wheels and flat topped rails and fully agree with him. 

reference the coning the wheel having any considerable 
effect assisting the truck curve, would say, that not believe 
has, but that when wheels are held rigidly upon axle and their axis 
held parallel with another pair, truck car locomotive, the 
truck will roll forward tangent even though one wheel much 
larger than the other, unless forced angle some obstruction like 
the flange pressing against the rail, and the axles are radial each 
other, the wheel will endeavor follow curve proportioned the 
angle the radii. 

have experimented with small truck plane and demonstrated 
this fact, even showing that the small wheel will take the outside the 
curve they are set wider apart than the larger ones. This fully 
shows that the coning the wheel does not cut any figure cars cury- 
ing easily, but that having the trucks built that the axles are exactly 
parallel matter the greatest importance. 

The coned wheel round topped rail only has point for bear- 
ing, consequently the only way increase the bearing surface 
lengthen that point line. 

The experiments mentioned page 142 gives square inches 
the area the points contact shown between coned wheels and 
round top rail for 72-inch wheel, and the area contact 
for 62-inch wheel. 

The distribution weight this surface contact unequal, 
being greater the center. Had the experiments measurements 
been made with new wheels and rail instead these which were 
worn,” the area contact would have been oval with major 
axis much longer and the minor axis not more than three-eighths 
inch instead nearly inch, thus raising the rate pressure and 
showing greater distress the rail the center the point contact. 
The effect cylindrical wheels and flat would widen 
the theoretical point contact line and the point actual contact 
would shortened lengthwise with the rail, and would probably show 
greater area bearing than the experiments mentioned. 


published the Institution Civil Engineers here, The Use 
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Heavier which said that Goliath rail, adopted the 
Belgian State Railways, laid perpendicularly, and may add that 
this was done the recommendation the engineer-in-chief the 
rolling stock, Mr. Belpaire, who actually favors cylindrical wheels, but 
with the large rolling stock the Belgian State Railways, conversion 
would take some time. Iam not aware that the conversion has even been 
begun, and nowhere else know cylindrical wheels, flat top 
rails being used Europe, but they get flat enough time, and shall 
have difficulty proving why rails are not made flat from the com- 
mencement. 

First, from the point view. Any one who acquainted 
with the manufacture rails will agree that the flat top rail necessitates 
less pressure work the last groove than round top rail, and the 
more round is, the more pressure work closer grain the head 
will the result. The joint top and bottom being the 
middle the head with small opening, the pressure work ex- 
cessive, would leave seam along the head the joint between the top 
and bottom roll; besides, the more round the head the section is, the 
better delivery would the rail have from the rolls, the less number 
wasters. Thus, follows, that the flat topped rail would have 
more porous head than the round one, and more wasters, and very 
short time the track will make flat enough, would absolute 
loss, both the consumer and the producer, start with the flat top. 
See drawing attached, Plate LXIV. 

Again, from the consumer’s point view. The flat top rail can 
never laid track absolutely correctly have the tire 
the wheel bear all parts the flat surface, but will bear the 
left-hand corner one rail, and the right-hand corner the next; 
and after few trains have passed the line will look like snake; there- 
fore, the evil from the round topped rail small bearing surface 
would still worse practice the flat topped rail before 
worn down sufficiently bear the neighboring rails alike. Thus, 
practice, Mr. Whittemore’s suggested remedy would bring matters from 
bad worse both for makers and engineers. 

Now, regards the radius. have kept simple radius 
inches for the above reasons, but perfectly willing increase 
12, since steel rolls much better than iron, and the delivery 
would good enough with even inches. After all very little 
not flat, and Mr. Whittemore’s prediction that sections would 
thing the past entirely premature; but believe his flat topped rail 
will never become standard section, nothwithstanding the elaborate 


theories German professors, and his own poetry; besides, the thing 
not new. 


Proceedings Institution Civil Engineers, Vol. XCV. 
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Plate LXIV shows section which had inspect 1869, the 
Dowlais Works, for the New Orleans, Mobile Chattanooga Railway, 
000 tons rolled thus iron twenty years ago, and well 
the heavy rejection had account the flatness the rail top, and 
very glad say that never had one like afterwards. sure 
one could have wished more than that the complaints generally heard 
now that the rails are not good those made twenty years ago, could 
have been remedied such trifling alteration the section mak- 
ing the top flat, but think the above facts show the reason that that 
will not it, but simply make matters worse. The increased pressure 
the heavier engines necessitates harder steel both physically and chem- 
ically, and this direction remedy must looked for. Now, the 
physical hardness what produced cold rolling (same cold 
hammering) not obtainable the fast going mills used the present 
day, chemical hardness excess carbon must looked the 
simplest remedy, and such hardness involves greater liability 
fracture, shows absolute necessity increasing the weight and 
the section the same time the hardness, accident from broken 
rails should avoided. This has been the motive designing 
Goliath rail, and work this direction. very glad see that 
fast being adopted both sides the Atlantic. The reproduc- 
tion 100-pound section Mr. Whittemore’s paper somewhat 
disfigured, and correct this the Transaction inclose correct 
drawing it.* 

Fortunately the price steel being gradually reduced, which will 
facilitate such change with the object securing perfect safety with 
more.economy, and possibility the maker making what wanted. 

Mr. Whittemore’s paper having been ably dealt with the 
Engineering News Mr. Wellington, Am. Soc. E., have 
nothing more add except that believe that would lead great 
advantage makers had voice the discussion the rail question, 
and find total absence such, not only this but the general 
treating the rail subject the United States. after all, the pos- 
sibility making rail the first, and the use the second ques- 
tion; and believe much ink might saved practical makers would 
come forward and give their opinion frankly upon the engineer’s scheme. 


Mr. the author dictated his paper expected 
his position would opposed many who had much answer for 
giving the forms rails general use this and other countries, 
and therefore not all surprised the position taken Mr. 
Sandberg. 


other device, except the use rails, wheels (and the 


* Plate LXV is a reproduction of this drawing. The top line, however, is much too flat 
for the indicated radius 
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grindstone, and the emery wheel and like appliances), does the civil 
mechanical engineer subject material much beyond one-half its 
elastic limit, and respectfully ask, where, his discussion, any 
way attempts state how this can done, provided must impose 
the loads wheels, except providing broad contact between 
wheels and flat topped rails. the difficulty rolling 
such rails, that matter that must accomplished the rolling mill 
managers. have said before, way can always found that 
which must done. 

The difficulty has experienced having rails lie properly ties 
easy matter overcome, and very slight expense. 

building the first railway with which the author was connected, 
all the ties were machine-dressed the spot where the ties came 
contact with the rail. would economy this now, whether 
the rails flat curved the top. 

Mr. Sandberg refers flat topped rail, the manufacture which 
inspected some twenty years ago, and happy say that has 
had none the pattern inspect since. 

The author not surprised learn flat topped rail the 
Brunel pattern was laid the Great Southern and Western Railway 
long ago 1843-44. Some this still sidings 
that line and capable standing considerable tonnage service. 

The author pleasingly surprised and gratified learn through his 
friend, Rond, Engineer the Northern Department France, 
that rail now adopted embracing precisely the claim the author; 
not, however, degree regards width head, that not necessary 
since their carriage wheel-loads never exceed 000 pounds. 

sketch this rail cross-section and the specifications under 
which manufactured are pertinent the subject that copy 
the former, Plate LXX, and translation the latter are printed 
addenda this discussion. 

must bear mind that from forty sixty overloaded car wheels 
pass over the rails one locomotive driver, hence, the great injury 
resulting rails can attributed car wheels. 

The slighting notice given Professor Grashof’s deductions Mr. 
Sandberg, shall not attempt answer, other than state that con- 
ceive his formula proved safe experience when the limit elastic- 
ity, usually determined, entered his formula one-half its value. 
With less margin safety have knowledge repeated 
bridge rollers and wheels under draw bridges. Mr. Sandberg says that 
immaterial whether the rail has curved top inch 
radius—that will get flat enough time, ete. course, the rails 
get flattened through the struggle they have with the wheel, and 
this warfare the wheel being made hollow the tread, both 
which disastrous operations the object paper correct. 
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designing all our structures (exeept perhaps rails) the engineer 
expected guided reason size and forms their different 
parts; but this instance Mr. Sandberg asserts that immaterial 
which the bulk the land tonnage service the civilized world passes. 
this true engineering? 

regard the statement that representation the Sandberg 
pattern rail not correct, have only say that was intended 
reproduce from the sketch and dimensions given Mr. Sandberg 
his paper published Vol. 84, page 395, Transactions the Insti- 
tute Civil Engineers. 

With Mr. Sandberg, believe much ink might saved practical 
makers would come forward and give their opinion frankly upon the 
engineer’s seems that have burned deal powder 
blow over feather; that when real thought, logical reasoning and 
common sense, all lead directly one direction, there can question 
what necessary, and have not the appliances methods 
for meeting the conditions the problem engenders, the duty the 
engineer, whether theorist manufacturer, meet and solve 
the problem once. 

not one willingly admit that the engineer, his profession, 
should considered the impracticable factor behind before the 
manufacturer. should and will supplement the other, and what 
true engineering demands will met the manufacturer far 
human ingenuity will permit. 


Am. Soc. E.—I have read with much interest 
Mr. Whittemore’s paper wheels and rail heads. Although have 
been forty years engaged engineering, most the time upon rail- 
roads, and have seen the fashions rail sections vary almost much 
those apparel, not competent say much upon the subject. 
First rate material will, think, give satisfactory results almost any 
the forms which have prevailed. Yet will far say that 
prefer top broad and nearly flat, not absolutely so, and not 
adhere the inclined sides the rail head. 


Am. Soc. E.—Using without abusing dic- 
tate common sense, the exercise application power within 
certain defined limits, beyond which loses the faculty being 
repeated re-used the same manner; going beyond these limits being 
tantamount destruction waste. 

economy power the first object the engineer, 
greater professional sin can committed him than tax materials 
beyond their limit elasticity. 

often err force habit, dating from early days, when perhaps 
the same position was perfectly legitimate; the process evolution, 
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use may become abuse; such seems the case with regard the 
present relations rails 

long the loads were kept within the limits tons for car 
wheels and tons for engine driving wheels, the rail heads appeared 
well enough adapted the purpose for which they were intended; 
although the fact, that the round shape the head was productive 
increased wear rails and wheels, was even then recognized, shown 
the gradual changes observable both Europe and America toward 
flatter top; but now that have been led, through the necessity 
reducing the cost transportation, increase these loads tons 
for car wheels and tons for engine driving wheels, with tendency 
still greater increase, evident, from the facts presented our 
honorable Past President: 

First.—That are abusing the rail head and wheel-tread sub- 
jecting the metals thereof repeated pressures beyond their limits 
elasticity. 

Second.—That doing are decreasing the length rail and 
wheel services, which are both important factors the cost trans- 
portation; that increase wear means frictional 
resistances, which also important factor the cost trans- 
portation. 

necessary corollary the above, are losing 
through the increased wear and tear rails and wheels and loss 
power, considerable part the advantages sought gained the 
increase the carrying capacity our cars and the hauling capacity 
our engines. 

these premises are correct, cannot apply the remedy too 
promptly, and the metals the rails and wheels are remain the 
same, the only remedy obviously increase the bearing surface 
between the two. 

would not say absolutely with Mr. Whittemore 
wheels flat topped rails,” because, topped” meant (as 
illustrated Fig. Plate XLIX, showing the suggested arrangement) 
plane surface, will not give normal running conditions the greatest 
bearing surface; this maximum surface contact can only secured 
giving the rail top the shape that will take ultimately after 
prolonged service; this shape must necessarily vary different roads, 
according the depth grooves allowable the engine driving wheels 
and car wheels, but will always slightly curved surface, until the 
general use equalizing brake shoes, which prevents the formation 
the grooves and maintains the cylindrical shape the wheel-tread, shall 
gradually cause the flattening the rail top into plane surface 
normal running conditions. 

Mr. Whittemore has specifically limited his inquiry the influence 
the shape the head; although cheerfully recognize the impor- 
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tance the shape and size that most indispensable all organs, is, 
think, also generally acknowledged that the quality the substance 
inclosed therein should not overlooked, and may perhaps best 
study the survival the fittest, not start out separating 
the head from the body. 

the question before how design and construct steel rail 
better adapted the altered conditions American railway than 
the short lived rails now extensively used the United States, 
think the shape the rail, its weight and the quality the metal are 
three factors about equal importance, and closely related and co- 
dependent each other inseparable any consideration the 
subject aiming practical results. 

true that the bearing surfaces between rail and wheel are 
entirely inadequate the present wheel loads, is, think, equally 
true that the steel the rail generally too soft and open-grained 
through insufficiency carbon and mechanical work. the early 
days steel rails they were made much harder imitation what was 
being done Europe and they gave much better service. very large 
proportion the 52-pound rail, laid the Cincinnati Southern Rail- 
way, when was constructed 1876, still the track and shows less 
sign flowing” and crushing the head than some the 60-pound 
steel which has been partly replaced, although the head the 60- 
pound rail fully inch wider; manifestly this result can only 
ascribed the superior hardness the 52-pound rail. 

may appear singular that the wheel-load has increased, the 
metal the rail should have been made softer instead harder; 
explained the widespread confidence placed Dr. Dudley’s theory 
the superior wearing quality soft rails, for several years after 
the publication his paper, and also the fact that the early hard 
rails were found too brittle, many them breaking the track 
and causing innumerable accidents; this was the case with the 52-pound 
steel laid the Cincinnati Southern Railway; hence the remedy sought 
the use softer metal containing from 0.30 0.35 carbon 
instead 0.40 0.45. 

make matters worse, contemporaneous this change, happened 
several the manufacture rails, whereby less 
number passages through the rolls and high temperature rolling 
reduced the cost production place within the reach the 
most fastidious railway manager whose practical economy prefers pot 
metal $30 good steel $33. 

Although strong partisan the larger bearing surface, advocated 
Mr. Whittemore, earnestly believe that the flowing and disintegrat- 
ing metal, and the coring and splitting heads observed him and 
many others, myself included, principally attributable the bad 
quality the steel. think that the remedy found, not only 
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cylindrical wheels flat topped rails, but aretarn also harder 
steel, sufficiently rolled the proper temperature. 

avoid brittleness, well for due regard economy main- 
tenance, the rails should made much heavier. 

that, with very few exceptions, the breaking steel 
rails the track begins the flanges, this indication that the 
flanges should made narrower and thicker. 

the paper Mr. Caillé (Notes sur rails sur durée des 
rails des Ingénieurs Civils, Année, 
1886, 2me Vol.) the bearing qualities two different makes 
the Paris and Orleans Railway, the analyses given these rails, show 
the proportion carbon have been 0.6 0.7; the wear had been 
millimeters twenty-one years’ service, and the author estimated that 
they were good for ten years more; these rails weighed pounds per 
yard and did not break the track, but they were double-headed rails. 

not think that would advisable use steel this grade 
flange rail the same weight, but believe entirely practicable 
make heavier flange rail quite durable and safe. 

late paper read before the Institution Civil Engineers, Mr. 
Sandberg points out the necessity for narrower and thicker flanges, and 
proposes the use tie-plates increase the bearing area the flanges 
the tie; think well and believe that the increased 
life the rails and ties would well repay for the cost the 

conclusion, would sum follows, the requirements con- 
sidered necessary for safe and durable rail, under the present 
conditions wheel-loads and speed American trunk lines: 

First.—Weight—Not less than pounds per yard; 100 pounds pre- 
ferred. 

topped (shape taken the top surface 
the head after prolonged service) vertical sides and sharp 
rounded corners. 

Flanges—Not less than inches thick edges. Quantity metal 
flanges equal that head, less wear or} inch. Slant 
flanges and head equal. 

Third.—Metal—Close-grained, uniform and tough; well rolled, and 
finished dark red heat. Tensile strength not less than 105 000 
pounds, not more than 125 000 pounds. Probable carbon 0.45 0.55. 

Such rail should stand traffic not less than 000 090 tons fora 
wear inch, and should give life service from 120 160 mil- 
lions tons. 

The rail mills have always claimed the privilege determining for 
the railway companies the quality steel most suitable for their rails; 
think this should entirely satisfactory, provided the mills would also 
willing guarantee rate wear under servics, below reasonable 
maximum, say inch for 000 000 tons; but long they decline 
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this responsibility, nothing more than fair and just that they should 
work under specifications prepared engineers. 


Mr. Mech. Engineer.—Mr. Whittemore’s very sugges- 
tive paper cannot fail call attention—and none too soon, believe—to 
the effect the steadily increasing wheel-loads modern cars and loco- 
motives upon the wear rails; meaning the sum total 
defects developed service and not abrasion alone. The portion the 
problem connected with car design now receiving very careful attention 
from master car builders throughout the country, and the necessary 
strengthening process from the roof down the wheel-tread going on- 
But right here are met inflexible conditions, the contact surface 
offered to-day the modern rail head substantially what was 
fifteen years ago; the radius the upper corner and slope sides have 
increased diminished according varying dictates fashion, now 
appearing the return cycle towards small radii and vertical 
sides, but the available width rail tops has undergone slight change- 

seems high time that rail and rolling stock designers con- 
sidered this subject from point view. Mr. Whittemore’s 
figures show very clearly that the effect increased load upon tires 
not ignored, and there reason suppose that rails enjoy im- 
munity from punishment from the same cause. Some car designers are 
seriously considering the advisability using six-wheel truck for the 
high capacity freight cars coming use, very largely account 
the impaired life the wheels under the increased pressures entailed. 
believe demonstrable proposition that the life our wheels 
being appreciably shortened from this cause. Does not Mr. Whittemore’s 
suggestion, then, offer more direct solution the problem? 

say, can proven that increased pressures cause increased wear, 
and also believe have proven that increased contact surface dimin- 
ishes wear. the discussion your Committee’s report rail forms 
will found form wheel designed Mr. Barr, Am. Soc. 
E., and now largely use this road (Chicago, Milwaukee and St. 
Paul), which the available contact surface rail head more fully 
utilized than the usual form conical tread. this tread, will 
noticed that besides altering radii throat, the main bearing portion 
formed curve having the same radius rail head—10 inches. 
Mr. Barr’s absence, have not hand figures for relative performance 
these wheels with those having tread usual design, but can state 
generally that results have been most satisfactory, which confirmatory 
evidence the direction desired. 

Now, regard Mr. Whittemore’s proposition definitely; looking 
from the direction its effect upon rolling stock, heartily second 
the attempt provide increased contact surface between wheels and 
rails increased width and parallelism surfaces, but doubtful 


. 


or 


DISCUSSION RAILWAY WHEELS AND 


the effect the particular method securing flat tops and cylin- 
drical treads having their contact horizontal plane, upon flange 
wear our wheels. Car trucks are seldom found with perfect parallel- 
ism frame and axles, that the tendency all trucks run more 
less one side. This appreciably counteracted either coning 
wheels, inclining the rails, the form given throat wheel, tending 
equalize wear over whole tread causing end oscillation axle. 
not remove large factor this desirable action surfaces 
disposed equilibrium any position assumed? Iam here 
supposing the extreme case cylindrical wheels with the usual sharp 
fillet, radius, the throat. Mr. wheel, coning 
dispensed but intermediate curve radius formed 
between throat and tread, which believe supplies the needed condi- 
tion for distribution wear. 

From examination considerable number plaster casts taken 
rails track and tracings wheel-treads all stages wear, 
inclined that the contact area between tue two very rapidly 
approximates the maximum allowed width rail head after the 
wheels are pat into service, the question parallelism 
very quickly solves itself. 

am, therefore, the opinion that should consider rail having 
sharp corner curve, wide head the weight the section and safe 
rolling conditions will allow, and radius top least great 
inches; wheel-tread modified throat some such manner Mr. 
Barr suggests, the remainder tread same curve rail top. 
this manner will preserve uniformity wearing conditions under 
varying conditions track surfacing, curvature, etc., the best possi- 
ble manner. 

may hardly the place here discuss the best section rail 
throughout, but believe that can with advantage considerably 
modify the present proportions without adding weight, desired, 
adopting Mr. Whittemore’s suggestion width head, increas- 
ing height rail and its strength consequently girder, adding 
little nothing web thickness, but equalizing amount metal 
head and foot adding foot, narrowing same obtain good distribu- 
tion metal for rolling and favorable shrinkage conditions. Here 
would have rail which would leave the mill the most perfect phys- 
ical condition, and the track would offer the least contact pressures 
with ample material for abrasion and would have sufficient stiffness 
girder lessen the difficulty keeping track surface. With better 
surface the ‘‘hammer blow” would become less important factor, 
harder material would allowable and the percentage rails removed 
for battered ends, less. 

the table Mr. Whittemore has given (page 148), showing results 
have obtained from some analyses and physical tests rails, the 
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first ten samples list were from rails removed from track after only 
two three years service for excessive wear crushing. every 
case the photograph etched section showed the undoubted cause 
the wear; thus, Plate etching sample will noticed 
zone flattened blow-holes enveloping the entire section about inch 
below the surface; these appear beautifully clear the photograph, 
but not well defined the engraving. Sample shows spongy 
section apparently from frothy ingot; the high silicon 
would here indicate imperfect conversion, the physical test 
rail shows cold-short rotten, rather than hard and brittle material. 
Almost the identical amount and distribution hardeners different 
make rail, and one made, believe, different process, shown 
produced most excellent physical results, and from the etched 
section and behavior the metal under the tool machine shop, 
should predict excellent results track. 

Not follow analysis table further, apparent that the most 
variable chemical and physical characteristics prevail steel rails, and 
that failures are many times explained undoubted physical 
defects, defects certainly not traceable design largely, but rather 
some undetermined relation between chemical composition and physical 
treatment the mill, relation not clearly revealed the ordi- 
nary chemical and physical tests which give reliable indication the 
quality other structural material. 


Mr. regard the form wheel tread designed 
our member, Mr. Barr, cited Mr. Gibbs, have from Mr. 
Barr that formed the tread his wheels best meet the blunder 
the curved top rail; was his power control the one and not 
the other his own field work, and opinion that has met 
the fault did not control thoroughly could. have from 


Mr. Barr, personally, that could have fiat topped rails would have 
his wheels 


Am. Soc. E.—If not see any tests the 
efficacy using cylindrical wheels and broad flat topped rail heads 
until there general movement railroad companies that direc- 
tion, probable that shall have long time wait. There still 
prejudice favor the coned wheel, and long coning 
continues general use, large part the advantage using the flat 
topped rail would lost. Still would prevent the destructive effect 
upon the rail head caused the cylindrical driving wheels illus- 
trated Mr. Whittemore’s paper. course, new coned wheel 
would not have much bearing upon it, nor would badly worn 
wheel, and the consequence would that they would, short time, 
wear broader bearing surfaces for themselves, and that time they 
would round the top the rail. Were the wheels cylindrical and the 


DISCUSSION RAILWAY WHEELS AND RAILS. 177 


heads the rails broad and flat, the same result would take place, but 
not nearly rapidly with the coned wheels. There would always 
portion the surface the wheel which would wear more rapidly 
than any other part, thus forming more less shallow groove, which, 
turn, would round the top the rail. The amount such wear would 
depend upon the proportion such worn wheels the new ones use 
and upon the extent which the wheels were wear before 
they were up” replaced. But would absolutely im- 
possible keep the tops the rails perfectly 

now there chance that the life the rail would increased 
making the greater portion the top the head flat, there seems 
reason why the experiment could not tried now well some 
future date. some railroad company having occasion order large 
lot rails, should ask for flat topped ones lay miles 
continuously, followed preceded the present form head, 
not believe they would taking any risk. The rails could not wear 
out any more rapidly, and reasonable suppose they would not 
wear out rapidly, for the reason that after having become rounded 
top they would still good the ordinary rail, and should have 
the time required wear them that condition nearly net gain. 

One the objections that have heard used the flat surface 
the head is, that rolling such rail pieces cinder scale are 
liable get between the rail head and the shoulders the grooves 
the rolls and cause cycloidal scratches the top the rail. Ido not 
think, however, that this would difficult overcome. 

Should the experimental piece track show satisfactory results, 
might encourage somebody experiment cylindrical wheels, and 
ascertain whether the loss due the resistance curves (if such resist- 
ance thereby increased) was not more than compensated increased 
life rails and wheels. 


greater portion the tread, say about cylindrical, better 
one than the ordinary conical wheel. That the latter does not give 
entire satisfaction evident from the present discussion. discover 
the faults which underlie its failure and present plan 
which these faults may eliminated duty which engineer 
should shirk. 

The benefits expected from the coning wheels are practice sel- 
dom realized, believe, even new wheels good track, and still 
more seldom with worn wheels either good indifferent track, prob- 
ably never when both wheels and track are poor condition. 

The wear which certain occur after few months use either 
reduce the diameter near the flange least small, not smaller 
one than that near the edge the tread, which case the tendency 
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curves press the outer rail results bringing large, not 
larger, diameter the inside and shorter rail, the reverse what 
supposed obtained coning the wheels. 

While one thing demonstrate that the practice coning 
wheels probably useless, is, course, another thing show that 
there may something gained adopting the cylindrical wheel pro- 
posed Mr. Whittemore. 

think has been plainly shown the diagrams made worn 
wheels, with which all are familiar, that the object the practice 
coning seldom attained and never for long time held. 

There can probably doubt that cylindrical wheels are much 
more liable run straight line with less lateral pressure either 
railthan conical ones are. illustrate, suppose have set new 
conical wheels good track, just leaving curve and with the flanges 
against the outer rail. The tendency is, soon gets tangent 
run toward the other rail order bring the equal diameters the 
pair bearing. The momentum well the direction the wheels 
will carry beyond that point and reverse the order, which will also 
turn reverse the motion, and series vibrations will kept 
length time which depends much the condition track. 
believe this motion exists the best track slight degree, and 
indifferent track greater degree, and aggravated every imper- 
fection line level. this there must good deal conse- 
quent friction and wear, also tendency spread the gauge 
the road, especially where soft wood ties are used. believe, therefore, 
that there constant and growing-tendency for conical wheels injure 
the track they run upon, and that this tendency would almost, not 
entirely, eliminated the use cylindrical wheels, fat the 
lateral vibrations are concerned. 

The objections cylindrical wheels account inadaptability 
curves, has, think, not been shown greater than actually exists 
with conical wheels, that are even slightly worn, and, inasmuch, 
far the greater proportion the mileage the railways the country 
straight line, must better economy provide for circumstances 
the most frequent occurrence what can shown therein work 
well, and fairly well least less favorable circumstances, than 
sacrifice good thing forthe sake one which has been supposed 
work well the less frequent, and tolerably the more frequent, cases 
ordinary practice, but which has been found wanting either. 

While satisfied that cylindrical wheel proposed Mr. 
Whittemore would improvement, even the ordinary rail now 
used, believe its chief merit lies the opening gives, would give, 
for the adoption flat top rail—thus securing much better conditions 
for wear, both wheel and rail, well for adhesion. 

presume there would but little difficulty rolling such section, 
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would but little more than half the width the flange, which 
least nearly, not quite, flat, and would favor large radius for 
the crown rail possible, should perfectly flat one impracticable 
manufacture. 


Assoc. Am. Soc. E.—I have not quite out- 
grown the effects early education the coning wheels, 
and the opinion that rails rolled with top radius 
inches are preferred those with flat top. dep- 
recate the multiplication rail patterns, hope that some road will 
found with sufficient courage give Mr. Whittemore’s plans the 
test experience. 


Cor. Am. Soc. E.—In some remarks the report 
the Committee form rails and wheels said: would admit 
the 12-inch radius even flatter top, but only the tread the 
wheels cylindrical.” 

said further flatter top reduces the chances producing 
grooves the 

these points the opinion Mr. Whittemore regards 
the top the rail. Like him, afraid the out-squeezing” 
the top rails, what named the outflow the metal; and for that 
reason had wished avoid bringing the bearing the wheel too 
near the lateral face the rail. But agree with Mr. Whittemore 
considering the increased surface contact between wheel and rail 
very useful this respect. 

The efficiency conical wheel treads, and, consequence it, 
rail top not flat, for the passage wheels through curves, absolute 
long consider single axle; but when two axles are connected, 
the advantages the cones are diminished, and this the more the 
distance the axles increases. 

The wear and tear rails and wheels results from two causes: the 
rolling motion under too high pressures and the friction. With flat rail 
tops and cylindrical wheels the first will much reduced, but once 
the second will increase, curves cylinders the same diameter will 
have make longer runs the outside rail than the inside rail. 
The axles the wheels will have support the increased torsion 
stress, which changes direction with the direction the curves. 

When the wheel treads are grooved, the contact face between rail 
and wheel increased and the advantages conical wheel tread dis- 
appear, the first cause wear will diminish, the second increase. But 
the conditions will not then quite the same 
when the wheels should cylindrical and the 
top flat. The groove will come aid the flanges; 
but great use, and mention only. 


Another difference more importance, long the flat top rails 
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are not general use, and long grooved wheels will therefore run 
the lines which will have introduced the flat top rail, the bearing 
the grooved rails will entirely the edges the rail head the flat 
top. This drawback would avoided with rails not having flat-top. 
also afraid that the rolling flat tops would present some 
culties. 

conclusion would say that cylindrical wheels and rails with 
curved top more than inches radius, say inches more, would 
prepare for the future good way and prevent for the present the 
danger which flat top rails are exposed grooved wheels. 

believe that Mr. Whittemore proposed only the Strickland 
Brunel rail, view the bad effect grooved wheels the Stevens 
other single flange rail. mind will never return the 
rail. 

Am. Soc. E.—I fully agree with the author 
that larger surface contact between wheels and rail would reduce the 
excessive crushing strains, per unit surface, both, and thereby 
enhance the life both rolling stock and track. That this can 
achieved cylindrical wheels and flat topped rails, long they are 
new, can retain their original shape, equally true; but, can this 
done? 

seems that such shape wheel and rail top would answer 
best, which through continuous use and abrasion would bring more and 
more surface contact, instead having such contact from the start with 
new material, and diminishing the same through actual service. Rails 
with curved tops and sharp corners, and conical wheels with obtuse 
angles between rim wheel and flange, seem approaching 
this condition better than those suggested the author. 

That the rails not render service until they are worn out, but 
deteriorate great deal faster, is, opinion, not exclusively due 
the heavy pressures imposed upon them the locomotive driving 
wheels, but more the high speed, imperfect tracks and faulty 
joints. this respect the shapessuggested the author would not 
remedy the evil. The style joints mostly used present, angle bars 
bearing under the head the rail well the foot the rail, seems 
studied cruelty, who uses ingenious device hit the corn the toe 
with the same blow deals the head his victim. 

The imperfections above cause the life pounded out 
the rail, before has time rendered worthless wearing. The 
same experienced with good sound oak cross-ties, that naturally ought 
service for about seven years, while roads with heavy traffic 
and high speed trains they not last more than two three years. 
The life pounded out them, said experienced engineer 
some time ago. 
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page 148 Mr. Whittemore states follows, with reference the 
test made the Chicago, Burlington and Quincy Railroad with new 
and old rails: will observed that these tests not show any re- 
markable change through use;” and again, While the appearance the 
photographic etchings can sometimes observed new rails, owing, 
rail before use did not show such defects structure. 

the slow but fatal development internal organic disease 
structure that not organic, may borrow idea from present 
report, sort tuberculosis disease, with its slow-forming 

Now, while fully agree with Mr. Whittemore the latter state- 
ment, beg differ materially. with him the showing the test 
results above referred the first part. 

Considering the first fifteen tests the table, made with rails manu- 
factured which presumably are the same material, will 
noticed, that while the new rail the ultimate strength high, 
low the specimens from old rails. Again, while the elastic limit 
for the new rails shows average per cent. the ultimate 
strength, the old rail per cent, and the elongation new and 
old rails and per cent. respectively. 

The larger elastic limit and elongation, combined with lower ulti- 
mate strength, the old rail specimens, tells, believe, the whole story, 
and explains also the cavities shown the etchings. The life has been 
pounded out the rail before had time wear out. 

These test-results are perfectly accord with the experience test- 
ing laboratories, engineers having experience testing eye bars 
for bridges. bar tested and strained slightly beyond its elastic 
limit, then removed from the testing machine and allowed rest for 
time, say few weeks, arid then again the test continued, will 
found that the tested bar will show new life, and the limit will 
higher than the first time; the elongation will greater, but the 
bar will ultimately fail suddenly with greatly reduced ultimate strength 
from what might have been expected. reminds one the last effort 
ebbing life sick and dying person; the remaining spark life 
has concentrated its efforts last resistance, but after that the col- 
lapse sudden. 

The few tests referred are scarcely sufficient warrant positive 
conclusions, but, opinion, point the direction indicated. 
would very desirable have more tests with new and old rails the 
same material, determine the facts. 

If, however, views, here expressed, are not erroneous, the remedy 
not much the shape rail-tops and wheels, but the proper 
weight rails, with reference the traffic and speed trains, the 
better distribution the weight over all the wheels the locomotive, 
perfect track and sound couplings rail joints. 
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Foster Am. Soc. E.—In this able paper Mr. 
Whittemore has definitely described and located one great evil, and 
suggested remedy; indirectly has referred others the same 
field hardly less great; and would seem that cannot proceed very 
far discussing the form the top the rail and the wheel before 
encounter positive and insistent questions the form the rest 
the rail, its process manufacture, its support and fastening 
the track, and its maintenance the planes which placed. 

Probably there nothing else the whole range railroad appli- 
ances for which little done and which much expected the 
modern rail. conceived, the converter, sin, and born from 
the rolls iniquity; tortured and beaten correct the faults 
its pre-natal days, and put out shape that may sit straight; 
then taken out with its fellows, thrown violently down steep place, 
put into imperfect track, with yielding, shifting, shrinking support, 
subjected the weight and impact and pushing loads that far exceed 
its strength; length expires, still early life, and when the learned 
doctors come decide why did not live, they take the shape what 
left its poor head and consult phrenologically. not too much 
say that important the relation the top the rail (and the 
tread the wheel), more than the relations which concern its 
footing. 

The merits Mr. Whittemore’s suggested arrangement seem 
evident; would certainly appear the natural arrangement for 
rails straight lines. 

There was one time belief that the coning wheels caused 
them, when straight track, take and maintain through gravity 
central position between the rails. This tendency the only advantage 
with partly worn wheels diminishes altogether disap- 
pears. curves, especially where sufficient elevation not secured, 
the advantage the flat topped rail not marked, for the reason 
that taking position against the outer rail the wheel will ride 
its fillet, and all the weight will come upon the rail corner. This, 
true, condition worse its extreme case than exists with the 
curved top rail, but the fact calls for attention, and suggests the query 
whether should not have special type rail for outsides curves; 
those rails aggregate this country about per cent. the entire ser- 
vice—a very small minority govern when their requirements are 
much greater. 

probable that flat topped rails are introduced will before 
all coned wheels have disappeared, and would that case neces- 
sary adapt the outer curve rail for coned wheels, giving inclina- 
tion the top. 

regardrto the relative wear flat topped and curved top rails the 
deductions Mr. Whittemore seem convincing. 
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limited amount the first wear new rails due abrasion. 
This continues until the scale removed from the part the head that 
contact, leaving smooth and polished; now the traffic light 
and the metal the rail uniform, the abrasion continues, but much 
slower rate, until the head worn its limit, retaining its smooth ap- 
pearance; but under heavy the rail shows altogether different 
signs wear—signs that show that abrasion being exceeded. And 
soon there are evidences the actual failure some part the rail, 
although the surface most may still fit for along service. 
seems, then, without saying, that the effect the major cause can 
reduced increasing the area contact limits that will not allow 
doing somewhat, but very slightly, increase the total amount 
abrasion. far the wheel concerned will only affect that portion 
the tread not previously contact; and for the rail, its 
weakest foe. 


Mr. Wess, Mech. Eng. London and North Western Rail- 
afraid that the rails were made Mr. Whittemore 
suggests, very short time they would shape their own form for 
themselves, owing the wear the tires. this country (England) 
not appear have the same difficulty rails wearing sideways 
you have the States, and when decided upon the present form 


the top our bull head rail, had templates taken over several 
miles railway rails partially worn, and then made the top 
our rail near possible the average the templates had taken 
the way described. believe get over good deal the 
culty you experience greater elevation the outer rail curves 
than you have. norule which this can ascertained 
theoretically, owing the various speeds trains passing over various 
portions the road; but our practice has been when there are indica- 
tions wear the side the outer rail elevate that rail until the 
wearing disappears. 

The only tires turn cylindrical are our six-wheeled coupled 
engine stock, the middle wheels being turned cylindrical, ease 
them going round curves; the diameter being the same the mean 
diameter the cone over the ceater the rail leading and trailing 
wheels. The inclosed blue prints will show you our practice. (Plates 
LXVI and LXVII.) Our standard gauge feet inches, butin going 
round sharp curves widen out the rails feet inches. 


Whittemore draws from his experience with steel rails that great 
many them split, owing the metal being strained beyond its elastic 
limit. this conclusion founds his paper, with the title given 
above. 

this conclusion incorrect, then the paper not correct. 
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think the conclusion wrong; and, consequently, think that flat 
topped rails, instead being would disadvantage. 

Flat topped rails would not come from the mills straight, but wind- 
ing. They would not laid perfectly level the ties, and would not 
stay level they were laid. Hence, the wear the wheels would 
come the inside outside top, and aggravate the evil intended 
cured. not think the evil great Mr. Whittemore infers, 
frequently change rails that have been worn down one side the 
rail curve the straight line, even the inside the curve, 
and this throws the bearing all one side the rail, until that side 
worn down sufficiently give even bearing the top. never have 
noticed any rails used that have split and cracked. 

have put new rails track when the ends showed splits, and have 
watched them carefully, order see how long they would wear be- 
fore the splits fully developed, and sometimes would years before 
split could noticed, except person who knew that the rail was 
split. have also left rails track for years after the rail showed 
decided split. not recommend such course, however, and now 
have all split rails removed every fall from track, there tendency, 
course, split rails mend themselves, and not consider 
worth while see the length time they will wear, when accident 
may result from leaving them little too long. 

Splits can frequently detected black spots black streaks 
along the head the rail before the split hasopened. cut 
great many rails showing these black streaks, and have always found the 
split that was looking for. have also frequently found splits that 
was not looking for, while cutting rails, but never have found one yet 
that did not believe resulted from defect the ingot, and not from 
over-straining the rail. 

Splits develop more frequently the ends the rail than the 
middle, but are common enough the middle. Why should split 
show one part rail and not the whole length it, the split 
came from over-straining the rail, and not from mechanical defect? 
have frequently cut off the end rail account split, and worn 
out the remainder the rail track without any further trouble 
from splitting. course, the end the rail gets the heaviest blow and 
the hardest usage; but this not the reason why splits show more fre- 
quently the end inthe middle. The real reason that the 
end the rail nearer the end the ingot. The heavy blows the 
ends soft rails, that had much trouble with few 
years ago, did not split the ends, even when the ends were worn bat- 
tered down course, the blow under these circumstances 
was very much more severe than ever properly kept track. 

frequently the case that rails are split the main track and 
taken out and put into sidings switching tracks with half the heads 
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split off, and will stand all right for time the outside half 
the head that gone. 

There part engineering where more care needed drawing 
conclusions than track work. Only last week the Vice-President 
large steel rail mill was telling that western road was very much 
pleased over experiment they had tried putting long six-bolt splices 
some steel rail that was considerably battered the joints. The 
result the experiment was that the joints got very much better, and 
the conclusion was that was owing the long splices. While 
advocate the long splice, still was under the necessity relating 
little experience own, where long strip Troy steel, that had 
been battered much the joints that feared the whole lot 
would have come out and condemned soft rail, improved from 
year year, and very much better the joints now than was five 
years ago; and still has the four-hole short splices with which 
was laid. 

sales scrap steel from 100 miles steel rail track average 
about 900 tons per year, and large part this comes from worn out 
steel rail frogs and ends from rails which are cut off our rail-saw. 

attach our steel-rail report for the last four years, showing the num- 
ber broken, split and worn out rails removed from track. know 
not customary give the makers’ names such report, but not 
think there can any fault found with this case. (Tables Nos. 
and 2.) 

will noticed that the record for steel made during the last four 
years very The deceptive, some respects, 
without explanation. Many the breaks the older rails were caused 
punching bolt-holes. The record the bruised battered rails 
would have been very much larger, except for the fact that long pieces 
track laid with the pewter” rails showed such bad shape that 
they were taken up, and the rails sent branches used sidings after 
having been use only few months main line. 

received the last the soft rails 1884, and the report rails 
taken out track, recent rails, very good indeed, and shows 
increase the tendency rails split account over-straining 
the metal, all rails laid since 1884, until this year, are pounds per 
yard. Our standard now pounds per yard, and shall disap- 
pointed this heavy rail does not show fewer bruises and fewer broken 
rails than the and pound rail, besides giving much better 
riding track, and one that can maintained much less expense. 

get considerable wear out defective rails after they have broken 
the end split the end, saw off such rails and use them 
branches. course, costs money this, and would very much 
prefer that they would not split, break, bruise, but have very little 
fault find with such record that the last four years. 
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think the rail-makers are agreed that they can now rail from 
pounds upwards, any the recent shapes, that will carry any 
traffic this country, without any undue tendency split crush. 
not think that the present discussion relation flat top rails 
should construed showing tendency the rail men any more 
advantages than they have present. have had great deal 
trouble, course, from poor rails, but Ithink the railroads are more 
responsible for good share this trouble than the rail-makers, and 
from experience with rails during the last few years, think have 
every reason suppose that the worst our trouble with poor rails 
over. 


TABLE No. 


| 
| 
| 
| 
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Cammelil, Sheffield, 1885. . 7002/23 .. 5 | oe 28 6 974 
1887..| 36438) 39 | .. 36390 (No fault.) Caused by 
broken wheel. 
N.C. BR. M., 1885..| 14359} 13 | .. | 21 | 14338 
1886..| 1756] 1 | 2 1 754 
| | | engine slipping. 
Barrow, 1886..; 6975) 1) 3 | 3 6 972 
~ 1887.. 5240] 4) 9 13 5 227 
Totals......... | 124 423/91) .. | 42) | 194 286 


Mr. Hawks states position quite correctly, 
that rails split and fail through straining them beyond their limit 
elasticity. states further, that, this position incorrect, 
then paper incorrect, and then proceeds prove his own 
satisfaction that so, knocking out the first round, and now 
the question mind whether his blow not delivered below the 
belt. think is. 

Mr. Hawks will not contend for one moment that rails with all the 
defects mentions will disintegrate and fly pieces without being 
subject extraneous strains, and these strains must sufficient 
magnitude exceed the limit elasticity, the rail defective not 
far manufacture concerned. These strains will search out and 
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find the weakest part the rail, and the effect will there ap- 
parent. 

The point make that way other than corrosion, does 
material, good bad, fail, except through strains beyond the limit 
elasticity, and expressly state paper that, while good material 
will render greater service being correctly formed, poor material will 
also give better service for the same reason. 

While must admit that the early failure many our rails can 
attributed great measure faulty manufacture, seek call 
the attention our members fault design, which, when cor- 
rected, will, believe, add materially the service both good and 
faulty material. Good material correctly formed can only secured 
through care manufacture and inspection, and the rails should then 
laid their position nearly correct practicable. This can done, 
and when done the objections raised against the flat headed rail will 
great measure, not entirely, overcome, provided can have 
wheels run upon them. 


Whittemore’s paper highly interesting and expresses novel ideas 
problem which may considered vital for the near future railroads. 
points the frightful overloading the metal rails and tires, 
and the ever-growing danger concealed such practice. 


arrangement which shall reduce the strains the metal reason- 
able rate beneath the elastic limit, will avoid fearful disasters which 
must fatally happen otherwise before this century ended. And none 
the advantages claimed the author the paper for cylindrical 
wheels traveling flat topped rails, seem overestimated. 

The values given the table, page 145, show that with Mr. Whitte- 
more’s arrangement, the weight wheels can safely increased 
almost any extent, providing that the width the flat top and cylinder 
shall correspondingly increased. And not this fact one common 
evidence, viz., that the way reduce rotary friction yielding sur- 
face increase the width the tread wheels? 

solid road-bed narrow treaded wheels may do, but not soft 
damp soil; country carts must have wheels provided with broad 
tread, they will soon mired. 

railroads, with the weights now use, both rail and wheel, 
tire, must yield, increasing the resistance trains, well crushing 
the metal. 

that the flat topped rail and cylindrical wheel, being the safest, 
are the same time the best arrangement secure the least frictional 
resistance tangents. 

easy see that generally reduces, also, the friction curves. 


the case flat topped rails and cylindrical wheels the frictional 
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Where and are the radii the outer and inner rails, 
the angle between two radial positions the axle, 
the co-efficient sliding friction, 

the weight the axle. 

the other hand, the case usual rails and coned wheels, the 
inner traveling its greatest, the outer its least diameter, the fric- 
tion will for the same length curve traveled on, 

Where have the same meaning and value above, 

the greater wheel radius (inner), 

the least wheel radius (outer), 

the revolution the axle corresponding the length traveled on. 

appears therefrom that, stated, the resistance greater 
the case coned wheels, and the value the excess 

cylindrical wheels. 
The adoption Mr. Whittemore’s ideas American railroad prac- 
tice will, therefore, evident progress. 
European, viz., French railways, the advantages might 
less. 


‘nels 


custom our roads notch down the rails the ties that 
their web not vertical, but inclined, from bottom top, toward the 
inside the track the inclination the web ten (see Figure). 

This disposal has some advantages, prevent, tangents, the rails 
from spreading, and, curves, from turning over. 
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The coned wheel has thus its tread surface sensibly parallel the 
rail top, and the bearing area not small American practice. 

The coned surface then properly fitted suit the inclined top 
rails, and this reason which forbids, French roads, the use 
wheels, till the vertically laid rail adopted. 

The coned wheel, unfit American roads, seems not, therefore, 
secured, the adoption Mr. Whittemore’s ideas, with vertically laid 
rails, would evidently simplify some the most intricate problems now 
involved railway construction and maintenance. 

fcr Brunel’s double web rail, though may seem theoretically 
commendable, paid good service, some years ago, the 
fer Midi,” where was tried Barlow.” The 
iron rails that pattern had all taken out after few years. 


for rail heads, believe that the excessive weight now imposed 
engine and freight car wheels, renders necessary meet the evil 
adding the utmost extent possible the areas contact; and fully 
endorse the proposition make the rail heads entirely flat, with 
top radius. But conjunction with this, the path” 
all wheels must made parallel. 


Am. Soc. E.—In considering rails and wheels 
and their preparation for the scrap heap, and considering the proper 
form section rail, seems that for the immediate present 
should look closely the form affecting the quality rails -(or 
wheels), and believe that emphasis should laid upon the fact (recog- 
nized Mr. Whittemore his paper) that ills the rail heir 
cannot attributed the error its curved top.” The tendency 
present seems the direction heavier sections remedy for the 
unsatisfactory wear rails. certain that this step the right 
What can gather from past experience upon this point 
Quoting from the paper Robert Hunt, Am. Soc. E., read 
before the American Institute Mining Engineers: ‘‘One the 
most prominent chief engineers the country said not long ago 
that supposed his road would lay 80-pound rails next year, but 
was loss what section adopt, for their 80’s gave much poorer 
service compared with their 65’s, the latter had relation their 
old 60’s, guessed have adopt 90-pound rail for the 
following year. This states broadly, but generally admitted 
fact that the increased sections have rule been disappointing 
their wear.” 

would seem possible that the increased size was obtained the 
cost the physical the metal, the larger section render- 
ing proper rolling difficult impracticable. 
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the case locomotive tires the discussions the Western Rail- 
road Club, not long since, established beyond reasonable doubt the 
fact that 3-inch tires were superior wearing quality 4-inch tires; 
and the principle involved would appear different the two 
cases tires and rails. All the above evidence certainly not favor- 
able large sections for tires rails steel. 

History often repeats itself, and the case iron rails appears 
that similar unsatisfactory experience with heavy iron rails was had 
many years ago. Quoting from Colburn and Holley Permanent 
Way Railroads,” published 1858: 45-pound rails made 1837 
for the Philadelphia and Reading Railroad have stood wonderful wear. 
The and 68-pound rails since laid down their place have gone 
pieces with less than one-third the same 

Again: 1854 rails 100 pounds were considered 
English engineers be_the best. Since that time found the 
Eastern counties line that the 95-pound rails made the worst road, 
were less durable, and course time became the most dangerous, 
compared with 75-pound rails.” 

London and Northwestern officers report more failures with 
the 82-pound rails than with the former 56-pound 

The New York and Erie Road has had rails 58, 60, 63, 65, 68, 
and pounds laid down, place 56-pound rails, the heavier iron 
almost invariably proving inferior.” 

The experience number other roads noted was the same 
line, and opinion seemed have become general favor 
pounds, rather than from pounds upward. 

One experienced buyer stated the only good way get good 
rails was contract for pounds per yard, and then arrange with 
the manufacturer supply better quality, pounds per yard, for 
the same gross sum.” possible that the same rule will hold 
good for steel? seems that better quality what needed, 
and that our energies can best directed that end present. 

not purpose discuss the correctness the formulas and 
results used Mr. Whittemore. The status affairs seems 
this: whether not have thus far kept within the elastic limit, there 
can little doubt that weights rolling stock still tend increase, 
and seems probable to-day that this increase will limited finally 
the safe carrying power the rail, and shall last brought 
decide what form section will safely carry the heaviest load. Im- 
proving the quality the steel will help and may delay the issue for 
atime, but the question going not altogether whether the elastic 
limit now exceeded, but whether will exceeded sooner upon 
rail witha curved with flat top. seems me, too, that when 
are upon the point exceeding the elastic limit the tops the rails, 
shall probably have passed the elastic limit the rail corners, for 
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the resultant the vertical and horizontal forces acting the rail 
the curve would almost certainly greater the vertical force alone 
the rail the and the area bearing surface ought not 
less. Iam not the opinion that the qustion topped rails 
can altogether settled upon paper. There are many points involved. 
What will the effect upon traction—upon rolling Can the 
rail maintained flat? The question, seems me, whether the 
expectation benefit from the use flat topped rails sufficient 
warrant thorough trial being made, and seems that this much 
least Mr. Whittemore has shown the case his paper. 


the sections railway wheels and rails the greatest importance. 
Mr. Whittemore has taken exception some the Committee’s con- 
clusions contained its Preliminary Report, and has very ably sup- 
ported his views. 

Unless all mechanical practice and theory the past are wrong, 
point contact between bearing surfaces more destructive than line 
contact, and the latter more than surface Points and 
lines this sense are, course, surfaces also, only they are such 
very line may considered succession points placed 
side side. 

theoretical investigations this subject, has usually been ad- 
mitted that the form the surfaces contact, outside the area 
contact, has influence upon the resistance the parts contact; but 
has never before been claimed, far know, that this influence 
can great make the wear less for point contact than for 
Thus cannon ball rollers, when used under the movable end 
bridge, have never been supposed the equivalent cylindrical 
rollers, roller for roller; for example, 3-inch ball has not been used 
the place cylindrical roller inches diameter and say feet 
length. this substitution had been made the result would undoubt- 
edly have proved disastrous. 

The loads which are applied upon the wheels cars and engines 
may not excessive for point contact, but Mr. Whittemore has pro- 
duced strong evidence that they are. 

number writers have endeavored find theoretical solution for 
the problem wheel contact. They have been successful only 
assuming certain approximations the actual conditions. Professor 
Grashof’s formulas are among the best known, and, the absence 
something better, have been extensively used determine the permis- 
sible loads for bridge rollers. The values obtained cannot assumed 
final, but they are least serviceable educator the judg- 
ment,” Mr. Whittemore puts it. Even were possible solve 
the problem theory absolutely, there would still remain the indeter- 
minable elements impact and unevenness road-bed, which more 
less invalidate all calculations. 
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the light all the information have upon the subject, however, 
the conclusion seems warranted that our present practice overtaxes both 
wheel and rail. 

the elastic limit exceeded the metal flows, the molecules re-ar- 
ranging themselves conformity with the newconditions. 
more readily homogeneous metal like steel than fibrous metal 
like wrought-iron, and continued action this kind ultimate disin- 
tegration takes place. The motion the wheel over the rail particu- 
larly favorable for such destructive action the rail. 

The the loading wheels, which has been going for 
some time, not likely have reached its limit yet. Metallic cars, 
better construction, lighter weight and greater capacity than the present 
rolling stock, will introduced, and the tendency will probably con- 
tinue put more weight upon the wheels. This may require radical 
reconstruction the railroads, and while this somewhat startling 
change such takes place manufacturing con- 
cerns comparatively short intervals, namely, the substitution new 
plant for old one, when has been found that better results can 
different machinery methods. There reason why 
can expected that railroads will exempt from such changes. 

think the contact between rail and wheel should contact, 
Mr. Whittemore proposes, but undoubtedly slight tendency towards 
rounding the rail top will exist, due abrasion from worn wheels, 
which will more less hollow the tread. While, therefore, the 
theoretical condition line contact cannot absolutely maintained, 
there reason why should not make close approximation 
possible. Whether the rail-top should inclined surface 
horizontal, and the wheel conical cylindrical, may open ques- 
tion. The rail could inclined inward, done some extent 
abroad, the gain from which would that the flanges have smaller 
duty perform preventing derailment for track straight line. 
This would result less flange wear and smoother running. The dif- 
ferent diameters the tread conical wheels would, however, cause 
sliding the rail, owing the different velocities the peripheries, 
and this will result greater abrasion and friction. The Committee 
has found that flange wear with our present practice not excessive, 
and view this, cylindrical wheels and upright rails, proposed 
Mr. Whittemore, may the better plan. this case there would 
sliding surface for track straight line, excepting for flanges. 
Experiments, however, would seem necessary, decide the question sat- 
isfactorily which plan preferable. 

inclined attach considerable importance change rail 
section, only lightly touched upon Mr. Whittemore the conclu- 
sion his paper. For present and prospective rail loads, the question 
arises whether have not outgrown the old T-rail, and ought 
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adopt the bridge rail the type used number roads the early 
days railroad construction. This rail was abandoned because the 
extra weight required for the two webs, and was found, also, that the 
rail heads could not made harder granular iron for this form 
section, was the practice for the other, and this resulted reduced 
life the rail. steel the material for rails the present day, the 
last objection does not apply, and the former objection loses its weight, 
are now called upon provide rail weighing from 100 
pounds per yard, about double 50, the weight the bridge rails 
originally used. The bridge railis much more stable than the 
giving broader base, hence taxing the spikes far less, and the bearing 
upon ties can made wide desired. have seen ties bridge 
floor spaced foot between centers, badly cut into the rail, which 
was light pattern, that was necessary insert sole plates between 
the rail and the tie. have doubled the weight upon the wheels 
compared with former practice, but have not increased the width 
base our T-rails equal amount. Lastly, the bridge rail offers ad- 
vantages the splices not possessed the T-rail, and would seem 
solve the problem effective splice. This alone may considered 
sufficient gain justify the change. 

Sketch herewith (Plate shows 85-pound bridge rail with 
two kinds splices. For No. bolts are needed, or, used, would 
have only duty perform. difficulty would found 
making the splice sufficiently strong for the purpose. The rail section 
shown has fully much strength, bridge the space between ties, 
any form rail same use. The reason for this that the 
extra metal the two webs compensated for the head, which 
shallow and wide, and the center gravity which further from the 
neutral axis than the case T-rail. regards switches and frogs, 
there would difficulty adapting the present forms these 
devices the new section. must said, however, that the rolling 
this section would somewhat more expensive than the rolling 
the T-rail, but this additional cost would small, and more than 
made the advantages secured. 


Am. Soc. E.—The author this paper has 
asked discuss it; hard thing for do, because mind 
should without saying that wheels should cylindrical and rails 
flat topped. the paper advanced the converse this proposition 
think could write reply it. 

there was question wear, should favor conical wheels and 
round topped rails, for then the wheels would traverse single ele- 
ment the cylindrical rail top, and might expect the circumfer- 
ences wheels conform the lengths rails curves. But 
wheels and rails wear, and experience indicates that wheels use 
soon lose their conical shape with the advantages claimed for it. With 
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conical wheels, the rails should flat topped and inclined, that 
straight track the wheels should rest evenly across the whole portion 
the rail top that flat, and this inclination should varied curved 
track fit the position which will the conical wheels. 
should said that this latter requirement more theoretical than 
practical, would reply that the same criticism applies the coning 
wheels. With cylindrical wheels the rails should flat topped and 
vertical. 

Assuming, for sake argument, that wheels and rails are incom- 
pressible, the area contact between conical cylindrical wheel and 
round topped rail point which geometry teaches has 
dimensions, and with the same wheel flat topped rail the area 
contact line, with the one dimension length. Consequently, ac- 
cording Euclid, the one case the wheel has nothing stand on, 
while the other good line. With the compression that actually 
occurs there visible area contact having dimensions length 
and breadth, and which Mr. Whittemore’s experiments was oval 
shape. obtain such contact displacement metal must occur. 
This displacement greater with the round topped the metal 
flows every direction from central point, than with the flat topped 
rail, where the flow each way from line. The total area contact 
small for the load sustained, and the pressure varies over this area 
proportion the displacement, which assume the case, the 
metal, where the displacement greatest, must strained far beyond 
its elastic limit, and the round topped rail, with its greater displace- 
ment, suffers more than the flat topped one. Immediate failure does not 
occur because the overstrained surface the wheel rail supported 
the mass metal behind it, through which the pressure diffused. 
Every loaded wheel traversing rail strains the top surface the rail 
beyond its elastic limit, causing surface wear. Another, and probably 
more serious result this overstress, deterioration the metal 
the direction greatest pressure, shown the splitting tires and 
rail heads. Force acts the direction least resistance, and tire 
rail will inevitably suffer greater damage when the pressure 
line narrow strip, than when distributed over flat surface. One 
articles engineering faith that failure begins when the elastic 
limit the metal exceeded, and cannot hold that faith and advocate 
topped rail. For those who believe differently suggest 
simple experiment. Take two strips metal, one with cross-section 
corresponding with the top inch round topped rail, and 
the other with the same portion topped rail; flatten them out 
passing roller over them the direction their length, and note the 

sults. 

The question the proper form for rails other than their top bearing 
surface not here under discussion, and have confined remarks 
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the relation wheel this top surface. believe that conical wheels 
and round topped rails are errors, which illustrate how long fallacy 
may exist, and that has existed long confirms the belief that 
shall yet see great and radical changes our system permanent 
way. 


the argument contained Mr. Whittemore’s paper is, that the weights 
now put the wheels railroad rolling stock are great that the 
elastic limit the rails and the wheels exceeded the point 
contact, and that reduce the wear the area contact must 
increased that the pressure shall brought safely within the elastic 
limit. 

This area contact can increased two ways; first, increas- 
ing the diameter the wheel; and, second, increasing the length 
the line contact. wheels are necessarily round, comparatively 
little increase contact obtained increasing the diameter the 
wheel. The surface contact, however, will increase directly the 
length line contact. Mr. Whittemore, therefore, proposes use 
wheel, rolling flat topped rail, thereby securing maxi- 
mum length line contact, obtaining exactly the conditions which are 
always sought for rollers carrying extreme weights, machine 
finished work. 

With perfect railroads, operated with the perfection machine work, 
there would doubt the correctness Mr. Whittemore’s pro- 
position. Unfortunately such railroads exist. The perfect railroad 
would uniform gauge, and without curves. such 
Whittemore’s cylindrical wheels would his flat topped rails with 
rate wear which would probably hardly appreciated. All friction 
and wear would reduced rolling friction and rolling wear, and the 
conditions would exist under which rolling wear would reduced 
minimum. soon, however, depart from this class road new 
elements come in. curves could retain the flat topped rail, but 
would become necessary change the two wheels the sections one 
true cone, done the wheels turn-tables, while perfection could 
only obtained means other impossible requirements. 

The question before entirely practical one. What have 
consider how obtain the maximum commercial value the metal 
rails and wheels. The case not analogous the strains bridge 
work, where, keeping the strains safely within the elastic limit, de- 
terioration practically avoided. admitted that rails and wheels 
wear out. The question is, what the principal source wear, 
and what shape the minimum amount metal will endure the maxi- 
mum wear. 

Leaving out the questions the special strains produced the pull 
locomotive driving wheels, the wear rails and wheels due two 
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causes; the rolling pressure which Mr. Whittemore considers import- 
ant, and the grinding action caused the wheels slipping the rail. 
the rolling wear the principal one, Mr. Whittemore’s ideas should 
accepted the design rails; if, however, the grinding action 
the principal one, the form rail should sought which this grind- 
ing would minimum. 

the rolling wear, there are strong reasons for questioning 
whether elastic limit has important application this respect 
commonly supposed. Every one who has tested the strength metals 
knows how important the element time all such tests. takes 
time for metal, even under extreme strains, develop the stretch com- 
pression corresponding those strains. the case train running 
that the caleulated compression the rail head and the wheel un- 
doubtedly very much reduced. The extreme strain does not exist long 
enough bring about that distortion material which has permanent 
injurious effect, while the contact area undoubtedly much less than 
experiments wheels rest would indicate. The 
action thin ice under quickly moving weights has often been applied 
structural conditions which bears little analogy; does, 
however, bear close analogy the case before us. Thin ice will bear 
heavy weight moving rapidly, the reason that the ice can 
break only the movement the water under it, and there time 
for such movement. With extreme rolling load rail wheel, 
the metal cannot extremely distorted, simply because there time 
for that movement totake place. Besides this element time, the con- 
dition shape has perhaps not been investigated thoroughly 
should be, and must also remembered that the elastic limit can 
varied very much the process manufacture, and that the direction 
which called resist weight rail entirely unlike the 
direction which tests are usually made. 

the other hand, all experience indicates that the wear rails 
due principally the grinding action caused slip. familiar 
illustration this the wear rails curves. the track laid 
with elevation too great for the speed which trains are commonly 
run, the outer rail always found wear out first, the wear being most 
rapid the side where the slip the flange produces the maximum 
grinding action; if, however, the curve has too little elevation the inside 
rail will always wear out first, the wear being approximately flat wear 
top the rail, the rail usually assuming shape which corresponds 
more nearly Mr. Whittemore’s flat topped rail than found 
any other portion track, and the wear being maximum under these 
conditions. The explanation this unequal wear very simple. With 
too much elevation more weight carried the inside than the out- 


side wheel, and the latter slips. With too little elevation more weight 
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carried the outside than the inside wheel, and the inside wheel 
slips; either case, the wheel which has the greater weight rolls, 
and the one with the lesser weight slips. 

The statistics collected Mr. Wellington the wear wheels, 
and contained the Preliminary Report the Committee, which 
and are members, are principally valuable showing how large part 
the grinding action the slipping wheel has with the wear 
wheels and 

The conclusion which individually draw from own observations 
and from statistics, far have examined them, that the point 
studied produce form wheel and form rail head which 
the slip shall reduced minimum, believing that can once 
avoid the grinding effect slip can stand the rolling wear loads. 
fact, believe that the extreme loads now put some our car and 
locomotive wheels are objectionable, not from the wear they produce 
the rail head, but from the effect the lower portions the track, the 
bearings the ties, the spikes, the ties themselves, and the road-bed; 
these their effect severe that strongly inclined believe 
that system chair-laid track similar that used England may 
yet adopted here. 

produce the minimum amount slip, and, therefore, the mini- 
mum amount grind, the line contact between the rail and the wheel 
should kept nearly parallel possible the center line the 
axle, and should longer than consistent with reasonable 
approach this condition. The former requirement virtually the 
same Mr. Whittemore’s, but reached from entirely different line 
reasoning. practice, however, must somewhat modified, 
owing the fact that wheels and tires will necessarily wear hollow 
long the width greater than the width the bearing, and safety 
makes this extra width absolutely necessary every curved railroad. 
This brings precisely the conclusion given the Preliminary 
Report the Committee, namely, that the head the rail should 
made with large radius, but not absolutely flat—in other words, 
shape which will not produce exceptionally irregular results when the 
wheels become worn somewhat hollow; and, secondly, that the contact 
between the flange and wheel should kept near the top the 
rail possible, which simply means that the upper corner the rail 
should given minimum radius. 

the three rails illustrated the circular April 20th, the best 
conditions seem Fig. Michigan Central standard, the 
which inclined make this rail being that the head 
perhaps little wider than wise, and that head inches wide 
would probably give least equally good results. The objection 


narrow head is, course, the inadequate support gives for the fish 
plate. 
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Mr. Morison’s statement stresses rails 
curved track must received correct. With the outside rail 
elevated suit the fast moving passenger trains, the preponderance 
loads carried the slower moving freight trains operates crush 
the inside rail and cause slipping and consequent abrasion the outside 
one. Both rolling resistance and friction sliding and its abrasive 
effect are reduced having the areas contact such keep the 
pressure within the limit elasticity both wheels and rails, and 
must admitted that these resistances, when the pressures not 
exceed the elastic limit, are nearly proportion pressures and not 
areas contact. must also admitted that reduce abrasion, 
the wheel should have tread one radius, and not varying 
the curved-topped rail hastens make it. 

Mr. Morison expresses the belief that our heavy loads car and 
engine wheels are not objectionable from the wear they produce the 
rail head, but are their action the lower portion the track. 
The author’s effort has been show that not destroy our rails 
much through abrasion crushing them. Exceptional cases can 
cited where great abrasion occurs, such steep gradients, where 
brakes are used check velocity and sand employed for additional 
driver adhesion, where switch engines are used and near yards where 
sliding wheels common and sand abundantly used, and also along 
sharp curves elsewhere the main line, abundantly shown 
several the diagrams furnished our President. 

Under our heavy loads the injury the track reason the rail 
cutting into the tie severe, and the remedy suggested Mr. Morison 
should earnestly considered. 

Many our railways have nearly 000 ties the mile, while 
England and the continent only about 2000 are used, but the latter 
are longer and wider than ours. 

There doubt mind that through the use sole plates 
proper size and with longer and broader ties, less number ties will 
required than now generally use our properly ballasted lines. 


Rosert Hunt, Am. Soc. E.—I have studied Past President 
Whittemore’s able paper Cylindrical Wheels and Flat Topped Rails” 
with attention and much pleasure. discussing approach the part 
relation wheels with less confidence than that pertaining rails. 
know that the augmented traffic has increased the wheel loads 
Rails and Specifications for their Manufacture,” presented before the 
American Institute Mining Engineers, October, 1888, giving the 
determinations one fellow member, Chanute, Am. Soc. E., 
1881. these Mr. Whittemore adds additional data. 

does not require any further ergument demonstrate that the 
rail to-day must increased section. only remains de- 
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section having increased width rather than depth head, and have 
fully and presented arguments its favor, that will 
not here repeat them. know you can obtain better piece steel 
that form than when the head deeper. 

That increased wheel loads should require additional surface for 
contact, and hence support, seems self-evident. has been 
proved that rails which originally had top curves small radii have 
service been worn much larger ones. And also true that the 
earlier rails presented much greater surface contact, proportion 
their loads, than later ones. And they also gave better results. 
would, therefore, impress being true wisdom back toward 
successful practice, rather than continue the direction know has 
not, from some cause, given satisfactory results. 

Mr. Whittemore radical his propositions, and, doubt, 
tended. course, the rails any railway system will subjected 
the wear from the rolling stock the whole country. Hence until all 
roads adopt universal standard for their wheels, will not have 
constant conditions. not reason why the best forms 
should not accepted, and used somebody. There must be- 
ginning all things. 

the sections which have designed, and which had the honor 
present the American Institute Mining Engineers their New 
York meeting February, 1889, adhered top radius inches, 
and did more spirit conservatism than because believed 
absolutely right. But less than that cannot approve. 

little more convenient, account roll dressing, for the rail 
makers have some curve the top the rails; but this nota 
necessity. Flat tops can rolled flat bases. fact, during 
experience rail inspection have found one mill from which 
has been constant obtain rails which were not rolled flat 
when the section had head all wide. Inshort, far the manu- 
facture concerned, and flat topped rails are right, the makers can 
produce them without serious inconvenience. 

have been asked absolutely necessary have middle 
the rolls. other words, whether this could not 
one corner the rail head. remember correctly, Gustin—in- 
ventor the rail cambering machine bearing his name—when charge 
the St. Albans Rolling Mill, St. Albans, Vt., turged all his rail 
rolls, and claimed much merit for the system. have never known 
any other mill having this practice, but can done. Still, have 
already stated, this would not necessary roll flat topped rails. 
had them service years before steel rails were invented, and course 
produced the slow running, old-fashioned, mills. 

owe Mr. Whittemore much for his investigations and this con- 
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tribution the literature Steel Rails.” such sources 
must seek true information. Let the civil engineer design his sections, 
based the safe foundation experience the same time let him 
willing give due consideration the criticisms and advice the 
metallurgical engineer. The two acting harmony will the sooner 
secure that which all desire—the best. 


Am. Soc. E.—The importance the evils 
which Mr. Whittemore proposes remedy, viz., undue wear rails 
and wheels and the failure rail heads before they have given more 
than fraction what may considered reasonable tonnage service, 
has never been more clearly set forth than the paper Mr. Whitte- 
more and permits contradiction. 

whether Mr. Whittemore’s proposed form rail top and 
wheel tread constitutes the most effective and the most feasible remedy 
attainabie for these two distinct evils, question for discussion. 

Individually Iam inclined the opinion that flat top rails (flat when 
laid) would constitute improvement reducing rail wear, but 
not recommend entirely flat top rail, because believe that would 
overdoing the proper remedy, and would not insure low rate 
wear rail top having radius curvature greater than inches, 
but not entirely flat. 

reasons are based the following considerations, which are con- 
fined top wear alone, and exclude side rail wear way 
effecting the special question top curvature. 

When rail has worn permanent form curvature has 
reached condition nearest possible approach uniform distribu- 
tion wheel load, and hence the lowest maximum wheel pressure across 
the rail top, and therefore has attained its minimum rate wear. 
Could rail have been given first curvature which should remain 
permanent radius, would therefore insure minimum rate wear 
throughout the life the rail. Such curve should sought, and 
when determined, should adopted the manufacture the rail. 
top curve, which should remain permanent throughout the life the 
rail, would doubtless the permanent curve assumed rail 
that had worn its permanent form from curvature originally sharper 
flatter, since the form the original curve would affect the form 
the tread wear the wheels rolling it, and this form tread wear 
would turn effect and determine the form the ultimate curve 
assumed top. 

Car wheels rolling over rails ranging original curvature from 
inches top radius ultimately wear all rails which they run 
average top radius about inches tangents and abont inches 
curves. Were all rails new system laid originally flat, and all 
car wheels running over them originally cylindrical, appears impossi- 
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ble escape the conclusion that the rails would ultimately wear 
curved form, and that the permanent curve assumed would flatter 
curvature than the rails had been laid with the usual 10-inch 
radius. The grounds for these conclusions are 

First.—It would impossible lay rails, mount wheels, 
maintain either, truly insure uniform bearing the cylin- 
drical wheel the flat top rail. Owing this, there would result 
augmented wheel pressure and augmented wear toward either one 
edge the rail the other, both edges, successively, according 
the condition and rigidity the rail-fastenings, and curved form 
the rail top would result. 

Second.—Even were this impossible uniformity wheel pressure 
across the rail attainable, the different portions the rail top are not 
equally strong against wear under heavy compression; the portions near 
the edges having less metal outside would deformed under lighter 
pressures than the central portions, and the same effect, viz., curved 
rail top, would the result, 

Third.—The curve thus produced would gradually become sharper, 
until permanent form should reached, which, however, would 
flatter than rail had been laid with the usual curvature 
inches radius, since the wheels starting originally with straight cylin- 
drical treads, and being worn more the outer portions the rail 
top than the inner, would remain straight across the tread, worn 
curved, would flatter curve than the rails had been laid with 
the usual sharp top curve; hence the permanent curve assumed the 
rail—which dependent the curve the wheel tread—would also 
flatter than the permanent curve which the rail would have assumed had 
been laid with the usual sharp curve, the permanent curve would 
flatter than inches tangents inches curves. The exact 
value this radius impossible determine the absence 
experience with flat top rails, but hardly probable that would 
less than inches under ordinary conditions track inches 
where unusual precision track laying great rigidity rail fasten- 
ings should exist. 

now rail inches original radius wears flatter and 
assumes permanent curve about inches radius, and flat top 
rail wears sharper and assumes permanent curve from 
inches, say inches radius, follows that the curve sought, viz., one 
that would wear neither flatter nor sharper, should have original 
curve radius between and inches; the precise value this 
variation,” while falling between the above limits, could 
precisely determined only experience. strongly inclined 
the opinion that rails laid with such top curve, one about 
inches radius, would result lower rate top rail wear than either 
our present forms Mr. Whittemore’s proposed flat top rails, and 
would give equally low rates side rail wear. 
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But not believe that rail wear proper the only the most 
important evil that reduces the life our rails. Mr. Sandberg objects 
the top rail from the producers’ point view,” for the following 
two reasons: 

The heads flat top rails would more porous than curved top, 
because the flat top necessitates less pressure work the last roll 
groove, and hence less close grain than the curved top. 

The heads flat top rails would not deliver well from the rolls 
and more wasters would the result. 

The first objection appears touch the true root the evil 
undue rail wear, viz.,a lack density and hardness the heads, 
but should not directed against top rails alone and madea ground 
for their rejection, for the difference density rail head due alone 
the form curve rail top must quite insignificant, since 
measured the versed sine one-half the top curve, which the 
flat top rail would zero, and Mr. Sandberg’s rail inches 
radius aninch. either form the density mainly given—as 
the perfectly flat base the rail—by the pressure work the rolls 
acting upon the semi-fluid metal, and forcing against the vertical sur- 
faces the rail grooves, which act simply molds shape the rail 
base and head. 

the rail metal its passage through the last grooves far from 
being perfectly the final pressure the rail head and base 
far from being equal that produced the rolls the web and sides 
the head. This remarkable fact, that the portion the rail which 
the heaviest and most severe service the very portionon which the 
least pressure and work the rolls expended, points the desira- 
bility considering whether modifications additions our present 
mode rolling rails may not possible. Mr. Whittemore remarks, 
way always found what must done,” and when engineers 
maintenance way shall become satisfied—as believe they must— 
that their rails, order render reasonable tonnage service, must 
not only improved top curvature increase the durability 
the rail surface, but must made proof against crushing and disinte- 
gration under our heavy wheel loads acquiring physical hardness and 
density without sacrificing toughness, then the mechanical engineer and 
rolling mill manager may depended meet the demand im- 
provements manufacture; possibly not without increased cost pro- 
duction; but the margin possible improvement between the tonnage 
service that our rails actually average, and that which good rails under 
similar conditions are known give, wide, that considerably in- 
creased cost production would warranted securing the higher 
service. 

The second objection, concerning the difficulty delivering flat top 
rails from the rolls, doubtless valid one, but one which would 
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obviated giving the rail any appreciable curvature which should 
release the horizontal grip the rolls any one portion the rail 
head soon that portion should have passed the point contact with 
the rolls, Mr. Sandberg says, long the rail not 
hence the 20-inch radius herein proposed would not subject this 
objection. 


Am. E.—Mr. Whittemore bases his tables 
allowable wheel loads for given radii and unit stresses formulas 
Professor Grashof, which, gives them, are erroneous. These for- 
mulas are given general, and suitable any unit measure, the 
inch, the foot, the centimeter, this so, then should obtain 
the same result, whatever unit used. Thus, use the foot unit, 
for and then the value found should the same when 
the inch unit used, since this load independent any dimension. 
Taking the foot the unit measure, obtain twelve times large 
values from the first formula (cylinder cylinder), and times 
large values from the second plane). This proves 
the formulas defective somewhere. 

Since the derivation these formulas simple, may well 
derive them once and find the error. 


INDER RESTS ANOTHER ANGLES IT. 


will assumed that the maximum stress within the elastic 
limit the material, and hence that the stress varies the distortion. 

When one cylinder rests across another, the area contact 
ellipse. The maximum stress the center and proportional the 
distortion this point. The total distortion one the cylinders, 
referred plane base, would the segment ellipsoid, but 
small asegment that well might considered the segment para- 
boloid. Similarly, since stresses are proportional distortions, the 
stresses over this area contact plotted from plane reference, 
the surface formed their upper extremities may taken the seg- 
ment paraboloid. Now, the average length ordinate para- 
boloid the length the maximum ordinate, the volume seg- 
ment paraboloid the inclosing cylinder. This volume would 
represent the total load, since any ordinate represents the intensity 
the stress that point. 

have, therefore, 


Where maximum intensity stress, and area surface 
contact. 


remains find the area contact terms the two radii, the 
moduli elasticity and the maximum stress. 
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Figure, let represent the original surface the rail, and 
the original surface the wheel. These surfaces are now both 

The length Cis, geometry, equal 


Since very small compared may neglect its square, 


Now CD, and these distances are the distortions wheel 
and rail respectively under the common intensity stress 
Now the formula for the modulus elasticity 
E= ora=>= 
where the modulus elasticity; 
intensity stress per unit area; 
But our problem for wheel, and =a, for rail, hence 
may write: 


Kh, 
Substituting this value formula (2) have: 


This the semi-axis parallel rail the elliptical surface 
contact. 
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The semi-axis the surface contact the rail would 


1 


where the subscripts refer the constants the rail instead the 
wheel. 


Now the area the ellipse contact 


and from equation (1) now have RR, (6) 


This the first equation given the paper under discussion, with 
the exception that where and appear this equation, has unity. 
But and represent the lengths the compressed elements rail 
and wheel, and when they are called unity, means that these elements 
are one unit length. the unit chosen the inch, then these fila- 
ments are assumed inch long, but the foot the unit chosen, 
then they are assumed foot long. With our formula (6) the 
result the same, whatever unit chosen. 

The proper evaluation and this formula most uncertain 
from purely priori grounds. They should evaluated experiment. 
There doubt but that the stress rapidly spread over area much 
larger than the area contact, through the shearing stresses that are 
brought into action, and that consequently the maximum stress 
rapidly diminishes value proceed from the surface contact. 
The equation derived, however, the assumption that the vertical 
elements the wheel and rail contact are separate and distinct from 
each other, that they all have definite length, for the wheel, and 
for the rail, and that these lengths rest their other extremities 
absolutely rigid surfaces. All these assumptions are far from the 
truth that really impossible apply the formula any particular 
case, except the aid experiment. 


INDER Rests PLANE SURFACE. 


Referring again the figure above, and understanding that the lower 
form plane, and taking cylinder one unit’s length along its axis, 
and reasoning before, may say that the stresses plotted from 
plane surface, the volume thus formed will the segment cylinder, 
one unit long, the maximum ordinate being the maximum stress. 
Since this segment very small, may taken the segment 
parabolic cylinder, which case its volume, which represents the total 
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where maximum stress, and the area the surface con- 
tact. 


since the length cylinder unity. 


This the same Mr. Whittemore’s second equation, except that 
have and h,, instead unity. This equation was derived the 
writer improvement one quoted Mr. Charles Macdonald, 
Am. Soc. E., from the German, discussion Transactions 
Am. Soc. E., 1874, 140; and was published the Journal the 
Engineering Societies, Vol. IV, 110, having been em- 
bodied paper before the St. Louis Engineers’ Club, November 19th, 
1884. that discussion, however, the object sought was the bearing 
power bridge rollers, and the lengths the elementary columns and 

compression were both assumed equal the radius the 
roller. 

Since friction bridge rollers are from inches diameter, the 
error this assumption was small, the formula then being, 


now proposed show that all the above formulas are absolutely 
worthless for solving practical problems. Since Mr. Whittemore’s paper 
appeared the writer set about making some laboratory experiments for 
the purpose amassing data which rest valid argument. sec- 
tion 33-inch chilled wheel, one 44-inch steel-rimmed driver, and 
several short sections rail were prepared for experimental tests areas 
contact 100 000 pound testing machine. Contacts were made with 
both wheels with loads varying from 000 000 pounds. 

was found that the area contact varies directly with the load, or, 


other words, the average intensity stress constant for 


all loads. 

The experiments are not yet complete (October, 1889), but be- 
lieved this very nearly the law. This directly contrary the 
deductions made from Fig. 

The law seems for 22-inch radius steel tire, 14-inch radius 
steel rail, 


(9) 
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where area contact square inches, and the load wheel 
pounds. What the maximum stress cannot now stated, but 
the mean stress about constant for all loads, probable that the 
maximum stress nearly constant also. 

Furthermore this maximum stress must nearly twice the mean 
stress, since the maximum distortion must, necessity geometrical 
necessity), twice the mean distortion. 

may therefore say that the maximum stress nearly 


and from (9) obtain for 44-inch steel driver 14-inch radius 
steel rail, 


(10) 


pounds per square inch. 

This astonishing result seems first incredible, but cannot, the 
writer’s opinion, successfully disputed. the data these experi- 
ments will, early day, laid before the Society. few the 
more important conclusions only are given here. the meantime 
would well for other investigators make similar experiments. 
have found that little wet chalk whiting rubbed the surface 
placed contact, takes the impression well anything, and 
quite satisfactory. The impression can then copied off tracing 
paper. 

This result leads once the study the elastic limit compres- 
sion. Here where have all been blundering. There such 
thing unconditioned elastic limit compression there 
tension. 

The elastic limit the point where the material begins perma- 
nently distort flow, where the particles begin rearrange them- 
selves new positions. 

Now, for compressive stresses, have various conditions limiting 
the flow the particles. For instance, cylindrical column com- 
pression condition free flow. There nothing hinder the 
lateral spreading action the column shortens up. place 
square-ended die flat surface and load until begins indent 
that surface the material below the end the die must flow laterally 
around the corners the die get out the way. But this lateral 
flow restricted the surrounding metal. Here have restricted 
flow, and much higher pressure required before will occur. 

But when sphere cylinder placed plane, one cylinder 


167 000 


‘on another cylinder, and loaded, the maximum stress and the greatest 


tendency the center the area contact, and here the flow 
must begin. But this metal cannot find near escape the case 
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the square-ended die, for the pressure diminishes gradually and the flow 
must through longer distance before can really escape. Here, 
therefore, case still greater restriction flow and still higher 
elastic limit. 

estimate that grade steel having elastic limit com- 
pression when tested column, with free flow some 40000 
000 pounds per square inch, has limit about pounds 
under square-ended die, and some 160 000 200 000 pounds under 

Observations this subject are also progress the Washington 
University Laboratory, St. Louis, and hoped they will also 
made elsewhere. 

The conclusion which coming is, therefore, that the maxi- 
mum stress and also the elastic limit steel rails under wheel loads 
dependent the radii the wheel and the rail, and that the maxi- 
mum stress practically independent the total load the wheel. 
Also that the elastic limit the vicinity 200 000 pounds per square 
inch for the ordinary locomotive drivers the ordinary steel rails. 

These conclusions are contrary the commonly received opinions 
this subject that the writer hopes that the time his forthcoming 
paper this subject appears others will have made similar experiments, 
and can thus either fortify his conclusions prove them erroneous. 


When wheel tread becomes worn grooved, and the rail head 
becomes flattened somewhat, that the surface contact extended 
laterally across the rail from inches, the effect the intensity 
the stress the same though had flat wheel rail. 

sometimes said that flat topped rail the surface least 
wear the rail would constantly approximate tothisform. This not true. 
the rail originally curved, and the wheel tread flat conical, the 
final section both will mean between the two original surfaces. 
And this exactly what happens. The tread becomes grooved, and the 
rail becomes flattened, both approximating mean between the orig- 
inal curvature the head and the flat tread. When they have both 
come the same curvature, the effect exactly the same flat tread 
flat rail. 

If, now, both wheel tread and rail top should made the 
start, see reason why they should not remain so, except from the 
rounding off the corners somewhat result the grooved drivers 
shifting slightly lateral direction. If, when the rail first laid, 
cants slightly, will soon adjust itself cutting into the tie more 
one side than the other, from the increased pressure the high side. 

flat head cannot rolled, then let the head flat can 
rolled, for certainly wider surface contact the first importance. 
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Mr. cannot know what order the several 
criticisms will appear print, desire say that through absence 
from the country and also the knowledge that Professor Johnson was 
investigating the subject experimentally, and possessing the desire that 
some his results might appear this discussion, the publication 
the paper and discussion has been delayed, until this late day, and not 
through any fault the Secretary. 

admit that the able analysis Professor correct, 
will then seen that our excessive loads strain the metal much 
beyond the limit elasticity usually determined, even when consid- 
ered static loads, and undoubtedly their destructive effects are largely 
augmented when under motion and subject violent impact. 

Dr. formula, believe, has been considered about the 
safest use, does not take into consideration that any support 
derived from metal outside the space contact, but does advise 
that the elasticity used his formulas ascertained 
from experiments under similar conditions stress. has been usual, 
however, use ordinarily determined.* 

must conceded that any generalization derived from the appli- 
cation formulas observed areas usually made, must 
received with considerable allowance for error. The insertion paper 
pigment between bearing surfaces for the purpose securing impres- 
sion areas contact, must necessarily show greater areas than the 
absolute contact, these materials are themselves compressible. 

Perhaps the most accurate method which the law governing con- 
tacts spherical cylindrical surfaces, with like plain surfaces 
under varied pressure, can best determined the way Newton’s 
colored rings are observed, which case are compelled use glass 
other transparent substance for the experiment. That celebrated 
philosopher showed that pressure the dark spot and surrounding 
the center contact lens plane increased the pressure was 
increased, and seems that observing this increase under 
varied pressures near the limit elasticity, the laws governing 
increased area with increased pressure may pretty accurately de- 
termined, and that.this, with experiments metals strained beyond 
their elastic limit, may afford sufficient testimony establish the laws 
governing contacts metals. 

hoped that Professor Johnson will able his ex- 


perimental inquiry further and give the results his labors our 
society. 


* Dr. Grashof cannot be considered the first, however, in this field of inquiry, and 
those who wish to know something of what has been done before his work was issued, are 
referred to papers by Kopcke in Deutsche Bauzeitung, 1869; Kubler in Zeitschrift des Vereins 
Deutcher Ingenieure, 1874; Stevart in Revue Untiverselle, 1874; and by E. Winkler in Gitter- 
trager, 1875. 
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Granting his premises, then seen what enormous stress con- 
point, the case cites. are taught that the 
Almighty never created but one perfect man, hence, how impossible 
for man produce metal perfectly homogeneous; there will faults 
steel rail, such specks, cinders, voids piping, and from other 
causes, even when the greatest care taken manufacture, and these 
may near this great concentrated stress, and here that the 
metal’s apparent limit elasticity would naturally approximate what 
would show when tested without adjacent support, and also here 
that failure may first expected. 

have ample evidence show that the best metal rails does 
flow during repeated applications stress; hence that offer 
plan avoid, far practicable, these concentrations. 

Since abstract paper was published, has received criti- 
cisms our engineering journals. One these critics has intimated 
that test has never been able detect permanent depression 
rail from over-loaded wheel, words that effect. 

such may influenced such reasoning respectfully sug- 
gest this line thought: 

will suppose that line laid with what all will concede very 
poor quality rails, such show wear depression tangent rails 
say one-half inch tonnage ten millions only. This will give 
five million tons each rail. Now suppose the wheels passing over the 
rail loaded five tons, this would indicate that each loaded wheel 
passed would depress the metal one two-millionth inch. 
Have any means reflectors otherwise for measuring such small 
increments 

While the act dictating the above the following communica- 
tions are handed me, and with permission the authors insert them 
here evidence pertinent the subject, and support position. 


Inu., October 11th, 1889. 
Esq., 
Milwaukee, Wis. 


Dear Sir,—I considerably interested, not expert, however, 
the question conical coned wheels and the proper shape rails 
which theyrun. Sometime ago went from Chicago Albany with 
Mr. Edward Jackson, General Manager the Mexican Central, 
his private car. wheels were cylindrical wheels, and the car rode 
very nicely, and had quite conversation with him regard wheels 
and rails. Heis decidedly your opinion, and have asked him 
send some data print showing his idea what wheels and 
rails should be. have the letterand blue prints. Please find enclosed 
the print, which after examination and use kindly return me. 

Plate only shows wheels; favor rails correspond. 


Yours truly, 
(Signed), 
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STANDARD TIRE FOR CAR WHEELS, MEXICAN CENTRAL RAILROAD. 
Mexico, June 25th, 1883.—Scale: Full Size. 
Plate General Manager. 
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Mexico, September 27th, 1889. 
Dear Mr. 


have the pleasure acknowledge receipt your letter the 5th 
inst. 

had not forgotten the question, but have been extremely en- 
gaged since return that have omitted attend it. 

now send you blue print showing the tires turn them. 

You will observe have inches flat cylindrical wheel, bevelled 
off the outside edge same, that have inches cone and 
cylindrical tread. 

You had opportunity seeing how car (which light one, 
only feet long) and four-wheeled trucks rode behind fast trains 
which you and traveled. 

also mentioned you that several years ago had occasion note 
this old car the Mexican road. 

sent the United States for paper wheels from the Allen Wheel 
Company, which were put under car, and she whipped terribly 
that was obliged set her out the first station from Mexico. 

spoke with the Master Car Builder about it, and explained the 
reason. 


then had the wheels turned down, and they have run admirably 
ever since. 

When wheels are too much coned the least deviation from perfect 
track starts them rolling, and they keep frequently until another 
inequality produces similar result. 

(Signed) Jackson, 
General Manager. 


Am. Soc. E.—As others have had more re- 
cent experience than the general subject rails, shall confine 
comments the valuable paper Mr. Whittemore the single 
question the state the rail when under pressure. 

has been stated that ordinary compression tests not apply 
this case; and proof said that beam light reflected from 
the rail shows change the rail surface when the latter pressed 
heavily loaded wheel. 

One cannot examine the several sections used-up rails illustrated 
Mr. Whittemore’s paper without being struck the very strong 
indications splitting action having resulted from the applied load. 
Now have precisely parallel case the use hooks chains and 
sheaves for hoisting heavy weights. The area contact the inside 
the hook with the inside the ring wires doubtless still more 
limited than the case the wheel and rail. 

the case the hook know there gradual deterioration 
the metal from continued use, that the hook becomes unsafe. 
would seem though each time hoists heavy load certain line 
the molecules are left state strain, wedge had been par- 
tially driven; and this action continued finally results rupture. 
illustration would mention hook saw break under about tons 
oad, which had repeatedly hoisted tons. This well recognized 
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now with cranes constant use that customary anneal all such 
parts stated intervals, restore them their normal condition. 

Now the surface contact spoken Mr. Whittemore with 
area about square inch not, from the nature the case, uni- 
formly pressed; and are not justified assuming that some portion 
time when disintegration some form will make itself manifest. 
such action does occur ought have exactly such sections resulting 
those illustrated the paper, and see reason for trying dodge 
the conclusion. 

Having gone thus far, come the question, practicable 
devise form which shall remove lessen this danger? here trench 
the province the rail-maker. The form suggested the paper would 
certainly practically free from the splitting action suggested; and 
there remain two questions answered concerning it: Can 
rolled 2d. Will the metal the head good state withstand 
wear—that is, will get its due share work the process rolling? 

quite possible that some radical change practice the mills 
might required give affirmative answer both these questions, 
but would like see tried. shall never get nearer perfect 
rail doing nothing but theorize about it. impossible roll the 
wearing surface rail 


Goopwin, Am. Soc. E.—I submit opinion that, let 
the shape the the rail what may, persistent jam- 
ming and grinding wheel flange against the rail will have the effect 
cutting away, and sharpening,” the flange subjected grinding; 
and that rail corner having distinctly radius will, time, 
put the flange, while the corner less radius will 
wear more into the fillet the flange. rail having edge 
would, probably, wear the inside the flange into vertical plane. 
the Master Car Builders, sitting Convention Chicago, 1883, 
English railroad man (invited address them while the subject 
was under discussion) put this question: any 
one you ever see two ‘sharp’ flanged wheels one After 
pausing for reply,” which did not elicit, the gentleman proceeded 
state that several years observation, his capacity superin- 
tendent rolling stock, had never seen two sharp flanges associa- 
tion; and that when you see sharp flange, you may quite sure that 
the wheel, which is, has, had, mate circumference greater 
than its own. 

The fact obvious, that two car wheels, fixed one axle, one 
“‘larger” than the other, the larger wheel will ‘‘drag” the smaller, 
and will operate jam the leading flange the smaller wheel against 
its rail; and may reasonably conclude that flange jammed, and 
ground, against rail, will, due course, wear 
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case mismatched wheels, the forcing the smaller wheel the 
rail is, presumably, persistent; reversing the direction movement 
the car merely reverses the direction cut the wearing surfaces, 
flange and rail respectively. 

any case sharp flange,” the that only one flange 
truck affected diagnostic wheel.” Where diagonally 
opposite wheels show undue flange-wear, one may expect find the 
truck, which they are, out square,” rigidly fixed angle 
with the draft line. Cases absolute center rigidity truck are not 
entirely unknown the experienced car-repairer rigidity due ex- 
cessive side bearing, caused uneven loading, over-loading 
car, announcing itself through harsh sound grinding flanges and 
skidding and twisting wheel-treads the rails, detected 
the practiced ear almost any train loaded cars: the cause 
much flange grinding, and, course, much waste locomotive 
power. 

Considerations convenience induce establishment straight tracks 
places which cars are receive cargo. This happy circum- 
stance, inasmuch operates produce squareness the trucks with 
the car body, and track, pending the operation loading; whence, 
rigidity produced overloading, side-loading, the truck fixed 
straight with the car. 

Load eight-wheeled car, the right, for instance, 
and, any means, fix the trucks, either them, that prompt 
response thereof flange pressure, tending traverse the truck, im- 
practicable. Then the first curve the left encountered the car 
the right hand leading wheel the cramped truck will climb over the rail, 
except, indeed, the corner the rail has distinctly small radius; 
which case the flange may not able hold.” the 
wheel cannot escape climbing, fillet grinding results. 

view the fact that while eight wheels under car seven run 
without sharp flange nor any tendency thereto, while the 
flange one wheel the eight wears ground out the 
fillet, may reasonably conclude that the one flange has been, recur- 
rently constantly, subject extraordinary wear, referable some 
condition affecting particularly. This conclusion is, course, irre- 
concilable with any theory which the shape the corner the rail 
appears active, positive, value. 

have only time, now, say, further, that advocate cylindrical 
wheels and flat top rails now, always heretofore. 


Mr. author decidedly dissents from the 
conclusions some who have participated this discussion, the 
plea that having track slovenly laid and rails poorly inspected, 
must have curved top the rail secure bearing near 
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the center the rail head; also that the head, made flat and 
subject pressure cylindrical wheels, will soon acquire curved 
form between corner curves any appreciable extent, through the 
lateral movement the wheels about one-quarter inch either 
way from their central normal bearing tangent rails. When the 
rails are laid nearly true reasonably practicable, any slight 
defect the plane rail surfaces would soon corrected, has been 
stated Professor Johnson. 

doubt paramount interest secure the manufacture 
rails without external internal defects; admitted. There can 
doubt that great error was committed some years ago advocating 
the use very mild steel. 

When can secure steel that has elasticity not less 
than from 000 000 pounds the square inch, and which will 
undoubtedly entail corresponding reduction the modulus elas- 
ticity, much benefit will result, can once seen any the 
formule cited this paper and discussion received approximately 
correct. With over the entire flat top the rail head, 
becomes the utmost importance that all parts the head properly 
supported. Hence, here found one objections the Sandberg 
pattern, and the belief the author that should return 
approximation the old pear shape forming that portion joining the 
head with the web, and the event that our loads increase within the 
next decade anything like the proportion they have the last, 


may find economy adopt form rail having two webs, like unto 


the Strickland Brunel rail. 

connected with the subject rail forms that the splice, 
and indeed impossible consider the rail problem properly without 
reference it; but that matter beyond the immediate scope the 
paper under discussion, further reference will made other 
than say that the author the opinion that the flange splice 
generally designed presents about the most ugly appearance, mechan- 
ically considered, all our railway appliances. 

Objection has been raised the form rail head suggested, the 
ground that cannot rolled and secure that compactness the head 
that can secured the ordinary forms. 

The opinion our member, Mr. Hunt, who, his experience 
over thirty years the manufacture rails, can, believe, consid- 
ered the superior Mr. Sandberg manufacturer, and can also 
considered his peer inspector, deserving consideration 
the matter the practicability rolling the form suggested. 

The author informed Kennett Bayley, Inst. E., and Chief 
Engineer the Great Southern and Western Railway Ireland, that 
some seven years ago changed the radius his rails from inches 
inches, and the result has most gratifying giving increased 
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service, and his knowledge English rail manufacturer has objected 
the form. 

The author, his endeavor compound the evil, has lately designed 
two patterns rail, each having top radius inches, and manu- 
facturer has objected the guarantee service that applied the 
usual design. After diligent inquiry, the author has failed learn that 
any objection whatever has been made manufacturers the flat 
headed rails the Northern Railway France; hence the author 
concludes that the idea want compactness sponginess the 
heads such rails myth, existing not, however, the head flat 
topped rail. 

During the time the author’s paper has been under discussion, the 
final report the Committee the proper relation each other the 
sections railway wheels and rails, has been made, and may par- 
doned quoting from the preliminary and final report the following 
passages; the author calls especial attention the words italicized 
him 


From the preliminary report, page 42. 

Your Committee are not clear that even if we 
consider the top bearing only, when no ques- 
tion of consequent rubbing friction comes in, 
it can be stated without many allowances, 
that increase of bearing surface is in itself an 
advantage. * * * They are rather disposed to 
believe that it would be entirely disadvanta- 


From the final report, page 4. 

The prevailing sentiment, which your Com- 
mitiee shares, appears that the end 
sought in the suggestion of an entirely flat 
top between the rounded corners, viz.:—a 
wider bearing for the wheel tread, is a desira- 
ble one, but that it is and will be better 
secured in practice by using a slight curve 


geous. for the top of the section instead of astraight 


line. 

between the preliminary and final report, important advance 
the right direction made the latter, and now only two more modi- 
fications are required fully comply with the views the author, 
that the broad surface the rail-head flat and that wheels 
cylindrical. 

conclusion, the author desires say that, knowing the persistency 
evil, particularly when fortified precedent, fully expected 
find himself the under one” this controversy. That many agree 
with him whole part certainly gratifying. same time, 
his hearty thanks are due and given those whose opinions are adverse 
his premises, for the labor, ability and interest they have shown 
this discussion. 

the and criticisms has received will tend arouse 
interest the matter treated, and cause the younger members our 
profession, those who will soon called direct and design, think 
this expression not mean that they merely 
they think,” but put absolute thought into the investigation—the 
author’s desire will great measure accomplished, and the end, 
believes, his position vindicated. 
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ADDENDA.* 


No. 10, 1888. 


Vignole Patterns... 


These specifications are intended govern the delivery steel 
rails. 


IT. 


The rails will the American, called Vignole, pattern. They will 
conform exactly template which will furnished the contractor. 
There must variation the entire length the rail from the 
above template, and particular care must taken cutting length 
not alter the end sections. 

allow for wear rolls, and errors setting rolls, deviation 
0.0005 meter (equals inch) will allowed for the transverse dimen- 
sions the rail, but all cases the section must symmetrical. 

All rails not conforming exactly template, within the above pre- 
scribed limits, rejected. 

The standard weight per meter will determined tak- 
ing the average weight one hundred the rails first delivered, whose 
sections conform most nearly the templates. variation per 
cent. over orunder the standard weight will allowed. 
Rails falling more than per cent. below the standard weight will 
rejected. Those being more than per cent. above the standard weight 
will accepted, but the contractor will not allowed for any weight 
excess per cent. 

the total weight furnished contract exceeds the estimated 
total standard weight more than per cent., the contractor will not 
paid for this excess. 


* Bee Discussion by D. J. Whittemore, p. 169. 
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The rails will have the lengths given the following table, 
lengths necessity may require. 


Lengths of Rails for different 
Weights of Section. REMARKS. 
Kil. 35K. 37K. 

12M exceeding one-twentieth the 

company. 
Lengths which will allowed 
facilitate the manufacture. 


Short Lengths. quantity short length rails 
7M. 10M. may vary the option the 

the whole contract, propor- 
tionate quantity each length 


furnished. 


The Railroad Company reserves the right order rails greater 
length than specified above. 


There may variation 0.002 meter inch) the length 


IV. 


The rails will marked, plain raised letters and numbers, with 
the name the mill, year and month rolling. These marks will 
cut into the finishing rolls. 

Furthermore, near one end each rail, the number the charge and 
the quality the steel the ingot from which the rail was rolled will 
marked with cold chisel. 


ARTICLE 


The rails will made from non-phosphorous metal the Bessemer 
process; any other process manufacture must first receive the sanc- 
tion the Chief Engineer the Railroad Company. The operations 
manufacture will conducted produce steel the first 
quality, fine grain, compact, hard and tough, capable being tempered, 
and similar every respect the sample which will furnished 
the Railroad Company the contractor. The manufacture quantity 
will not commenced until the sample has been accepted the Chief 
Engineer the Railroad Company. 
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The steel will run into ingots rectangular section, not being 
less than 0.25 meter 0.25 meter inches), with rounded cor- 
ners, circular section least 0.28 meter (11 inches) diameter. 
The size these ingots will produce, when 
rolled, bloom meter length, for rails rolled single lengths, 
and 1.20 meter length for rails rolled several lengths. 

The ingots will examined with care, and those having blow-holes, 
impurities other defects which rolling cannot eliminate, will 
rejected. Small cavities and seams will dressed with the greatest 
care, avoid any possibility overlapping metal roll- 
ing. 

The Company’s agent will have ingot broken often may 
deem necessary during the progress manufacture. The fracture should 
exempt from blow-holes. However, the number ingots thus 
broken should not exceed one-five-hundredth the total number. 

The agent will have the right inspect the tests made 
the runners taken the time pouring the ingots, from which the 
rails, his control, are rolled. The rolling will con- 
ducted manner obtain rails exact form, with smooth and uni- 
form surfaces, and especially avoid bending when the rails leave the 
finishing rolls. Those rails showing cold shuts, kinks, flaws any 
kind, will rejected. Only small flaws which not alter the shape 
the section, affect the strength the rail, will accepted, con- 
dition that these flaws, after having been passed upon the agent 
the Company, are dressed with cold chisel and fine file, 
the presence the said agent. 

All other patching upin acold forbidden. 
the above requirements will rejected. 


VI. 


The rails will straightened four sides with the greatest care, 
The straightening will done much possible when the rail leaves 
the finishing rolls hot state. becomes further 
continue the straightening operation, when the rails have cooled, 
must done agradual pressure, and without shock, avoid 
creating any fissures the rail. Dies proper shape will used 
protect the flanges. 

The rails, immediately upon leaving the finishing rolls, will have the 
crop ends cut off with circular saw. The cutting exact length may 
done with milling machine, any other way which will insure 
perfect work. The ends thus cut shall have perfectly plane surfaces, 
square the axis the rail. The heads each end the rail will 
chamfered 0.0015 meter 0.0015 meter inch) for depth 
0.006 meter inch) from top rail. 
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The burrs created cutting will carefully removed with cold 
chisel and file. absolutely forbidden hammer them off. 

Reheating the ends the rails and then cutting them with saw 
shears absolutely forbidden. 


VII. 


The rails main line willbe drilled and notched according stand- 
ard, only drilled, may required. For rails extraordinary 
length there will special requirements. 

The holes must drilled web, perfectly cylindrical, and such 
diameters directed. All burrs around the holes will removed with 
the cold chisel and file. The positions holes must not vary more 
than millimeter inch) from those prescribed. 


VIII. 


The rails will classed they come from the mill, from day 
day, intoseries. The authorized agents the Company will select from 
each series number, not exceeding per cent., for the following tests. 

Each the rails will placed over two points support, meter 
(3.28 feet) apart, and must carry, for five minutes, suspended the 
middle between the two supports: 

First.—Without permanent set after removing the load. 


Second.— Permanent set must not exceed millimeters inch) at: 


The rails may then loaded destruction. 

Each the two halves broken rail, placed its side, between 
two supports spaced 1.1 meters (3.609 feet) apart, and fastened 
iron base weighing 000 kilograms (11 tons), the latter resting 
block masonry meter (3.28 feet) high, and 3.3 meters (10.82 feet) 
square the base, must endure, without rupturing, the impact 
hammer weighing 300 kilograms (661.5 pounds), striking the rail the 
center between supports from the following heights: 


3.00 meters height for the Kil. 
2.50 


meter=3.28 
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After taking the impact suc- | 
cessively from the follow- | 

3 K. 


vary more than 30 per 1 3 
cent. from the figures here 1 34 Fh Bk. 
BiVEN 2 5 


The elasticity the rail will judged the rebounding the 
hammer. 

one the rails thus tested breaks before drop height me- 
ters for the K., 2.40 meters for the and 2.25 meters for the30 
reached, the tests will repeated with other rails, and more than 
one-tenth the number rails thus tested does not fulfill the require- 
ments, the whole heat from which the rails were taken will rejected. 

The Company reserves the right prescribe, and have made the mill, 
any other tests which may deem necessary, such tension tests and 
the working the steel into tools, order judge the quality the 
rails. 

The test pieces for tension will prepared cold, according the in- 
structions given the Company’s agent, and will taken from the 
blooms from the rails which were tested for impact. Cold chisels 
manufactured from the head and tempered under ordinary conditions 
must cut the surface spiegel iron without dulling, becoming dented 
doubling up. These various tests will made independently, and the 
results written down and testified the agent the Company 
and the agent the contractor. 


IX. 


The agents the Company will select, fast rolled, such rails 
satisfy the requirements, and have them weighed and drilled, according 
the conditions stipulated. 

The contractor will furnish all necessary apparatus for testing, and 
all necessary help facilitate the inspection the steel. The accepted 
rails will drilled both ends, and the rejected will marked 
both ends, between the letters the manufacturers’ brand, with 
special mark, plainly visible and indelible, avoid the possibility 
having rejected rails offered second time. 


ARTICLE 


The manufacturer will warrant the rails during six years, commencing 
from the date manufacture. Every rail which breaks during this 
time, damaged more than ought regular usage, will 
replaced free charge the contractor. The exchange rails dam- 
aged for new rails destined replace them will take place the point 
delivery indicated the contract. 
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The engineers the Railroad Company, well their assistants, 
will have free access the mills day and night, and permitted in- 
spect all operations pertaining the manufacture the rails, and 
make all necessary tests satisfy themselves that the conditions these 
specifications are being fulfilled. 


XII. 


The inspection the engineer the Railroad Company his 
agents the mill, the tests and the preliminary acceptance the rails 
manufactured, will not, any case, diminish the responsibility the 
contractor, which remains full force until the expiration his time 
guarantee, provided for Article 


This contractor will governed, except where these specifications 
conflict therewith, the general stipulations relating contractors 
the Railroad Company, compiled the Chief Engineer Ponts 
Chaussees, charge construction and inspection, the 8th day 
November, 1863, and approved the 10th day the same month 
committee the Directors said Railroad Company. 

deviation from these specifications from the general stipulations 
will allowed, except the same authorized writing the Chief 
Engineer the Railroad Company, which order the contractor must pre- 
sent every requisition. 


Compiled the Chief Engineer charge Construction and In- 
spection, Paris, 1888. 

Approved the Operating Department. 

Accepted the undersigned contractor. 


The section rail shown Plate LXX. 
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